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THE PHYSIOLOGY OF THE DUCTLESS 
GLANDS 


By Professor N. B. TAYLOR 


DEPARTMENT OF PHYSIOLOGY, UNIVERSITY OF TORONTO 


THIRTY years or so ago the study of 
the ductless glands was a field of prac- 
tically virgin soil. If we should look 
into a text-book of physiology of that 
day we would find the subject disposed 
ofina very few words. Since then much 
has been learned and the work that 
has been done on these hitherto little 
known glands is enormous. Each year, 
literally millions of hours of laboratory 
and clinical work are performed and 
thousands of papers are written upon 
the subject. Unfortunately, the great 
bulk of this work is quite barren of any 
real or lasting value, for just as a ton 
of rock must be mined and milled in 
order to secure an ounce of gold, or sev- 
eral tons of pitchblende be treated to ob- 
tain a gram or two of radium, so an im- 
mense amount of work must be done 
by the laboratory mills in order to re- 
cover a few grains of truth. We read, 
from time to time, in the daily papers, 
in semi-scientific publications and in the 
advertising literature of some of the drug 
houses, sensational and glowing accounts 
of the activities of these glands. But 
most of these glittering tales are mis- 
leading and arise from nothing more 
genuine than a very vivid imagination. 

The qualifying or negative word 
““ductless’’ implies that these glands are 
peculiar and distinctive in being with- 
out ducts. It implies also that they 


were discovered later than the more 
usual type of gland with ducts. It 
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‘ 


suggests something new and out of th 
ordinary. 

A word first with regard to the usual 
type of gland. These have been familiar 
to anatomists and physiologists for hun 
dreds of years. Each is composed of a 
mass of cells arranged in one or other 
definite pattern so as to form myriads 
of tiny spherical cavities. On the out- 
side of the wall of each cavity are blood 
vessels so that one side of each cell is 
practically in contact with the blood. 
From the blood flowing past their doors 
the cells take what chemical materials 
they require, and with these raw mate- 
rials manufacture in some mysterious 
way a very complex substance which 
they pour into the bowl-like cavities. 
This material, the gland’s secretion, 
passes into fine hair-like tubes which 
lead, one from each of the numberless 
cavities. These fine tubes are the ducts. 
They join with one another and form 
larger ducts. These in turn, join to 
form larger ones, until finally the secre- 
tion finds its way into one or two large 
tubes which open into one of the body 
cavities, the mouth or intestine, for in- 
stance. The arrangement of the ducts is 
like the stem system of a bunch of grapes 
—the hollow masses of cells representing 
the grapes. 

Some, such as the tear glands, the 
sweat or mammary glands, empty upon 
the surface of the body. Since the ac- 
tivities of many of these glands are as- 
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sociated with experiences of every-day 
life—erying, sweating, salivation, ete.— 
it is not surprising that they should have 
been known for so long. They are char- 
acterized by two main features. Their 
secretions are collected by ducts and 
through these they are poured either 
into one of the body cavities or upon the 
surface of the body. In short, they are 
glands of external secretion. 

The ductless glands pour their secre- 
tions directly into the blood stream. 
None of their secretions pass outside of 
the body. They are on this account also 
ealled the glands of internal secretion, 
endocrine glands or simply the endo- 
crines. Their secretions are also known 
as hormones. The cells of these glands 
take in their raw materials by the front 
door—the arteries—and after fabricat- 
ing a most powerful chemical material, 
turn the finished product out at the back 
door—the veins. Thence the hormone 


is purveyed to all parts of the body. 
These glands are little chemical fac- 

tories of a marvelous ingenuity; and 

what apparently miraculous effects their 


concoctions can bring about! Nothing 
more wonderful was ever dreamed of by 
the ancient alchemists with their elixirs 
and potions. It is the action of one of 
these secretions that paints the plumage 
of the male bird in such brilliant colors 
and also prompts its song. Others cause 
the growth of bone and direct the de- 
velopment of stature along normal lines 
—overactivity of this or underactivity 
of that, and a giant or a dwarf is made. 
Others influence various psychie proc- 
esses—instinect, emotions and _intelli- 
gence. In order that mind and body 
shall be healthy and normal all the 
glands must pour their secretions into 
the blood stream in proper and due pro- 
portions—none must be a sluggard, nor 
yet overzealous in performing its duties. 

Some of the glands are of such a size 
and prominence that they could not es- 
eape the notice of the ancient philoso- 
phers. Their uses were pondered and 
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speculated upon and many fanciful eo; 
jectures were made to account for their 
presence in the body. But their 
functions were undreamed of—t! 
were beyond even the imagination 
those days. 

Before the discovery of their t: 
functions the control of the various p 
of the body was believed to be vest 
entirely in the nervous system. It 
the master tissue. It was the h 
quarters staff which issued its orders t 
the various organs and its authority | 
believed to be supreme. With the dis 
covery of the ductless glands, an 
tirely new type of control of the bodily 
function was brought to light. T 
influence, if less evident than that of t 
nervous system, is nevertheless just 
important in their own particular spher 

The internal secretions have authority 
over slowly moving processes, such as th: 
development of particular organs, th 
growth of the body as a whole and t! 
metabolism of food materials—processes 
measured by hours, months or years; 
whereas the nervous system presides over 
those rapid processes of thought 
muscular movement and the externa! 
secretion of glands—processes measured 
by fractions of seconds (or minutes 

There are many sides from which th 
functions of the ductless glands may b 
viewed. I might, for instance, discuss 
them in their relation to character or t 
personality or heredity—or even to 
morality or criminality! And there is 
little doubt but that they have an in- 
fluence upon some or all of these, but s 
far science has been unable to place its 
finger upon anything very definite. ©1 
I might discuss them in their relation 
to our ‘‘decline into the vale of years,” 
as the poet with such a_ pleasant 
euphemism refers to old age. But this 
side of the question, which has received 
a great deal of attention in France and 
on the Continent, is so befogged by 
pseudo-science and beset with quackery 
that I would rather leave it alone. | 
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prefer to take up more definite and 
known effects, effects that can be proved 
by direct observation or experiment, and 
to avoid the more speculative side of the 
subject, which after all is no stranger 
than the truth. 

Several methods have been and 
still made use of to unravel the mys- 
teries of the endocrine glands. In the 


are 


first place, extracts of the gland tissue 
may be prepared which may then be in- 
jected into animals and a study made of 


their effects. Secondly, particular 
glands may be removed from animals 
and the subsequent life history of these 
animals watched, taking careful notice 
of their subsequent development, growth 
or any unusual symptom. Or, thirdly, 
we may study diseases in the human sub- 
ject in whom a particular gland is known 
to be deficient or overactive. 

I shall consider first a gland with 
which every one to some extent is fa- 
miliar. This is the thyroid, which lies 
beneath the muscles of the neck embrac- 
ing the larynx. When enlarged inor- 
dinately, it constitutes the condition 
known as goiter. All the methods of 
investigation which I have mentioned 
were used in the study of the thyroid 
before any clear idea of its functions 
was formed. 

A certain slight enlargement of the 
thyroid above the average is an adjunct 
to feminine beauty. Indeed, one of the 
older anatomists thought that therein 
lay its premier function. It gives a 
pleasing fulnmess—a roundness to the 
contours of the neck, no doubt. This 
fact was not lost sight of by many of 
the old masters who carried the idea to 
extremes and painted their maidens with 
necks which verged upon the goitrous. 

The thyroid’s greatest power for 
beauty, however, lies not in its size or 
its shape, but in its secretion. Every 
one who has ever seen one of those un- 
fortunates who, from birth or shortly 
after, had been deprived of his thyroid 
secretion will know what I mean. 


In Switzerland, in the valleys of the 
Alps, there was to be seen a type ot 
dwarf known as a cretin. A cretin is the 
direct result of the absence or 
deficiency of the thyroid 
These individuals were truly the most 
pitiable and grotesque parodies on man- 
kind. They were stunted and deformed 
in stature and mentally 
quite imbecilic. Their features 
misshapen and flabby. The 
low, the bridge of the nose depress« d and 
the nostrils wide; the tongue 
large for the mouth, which 
coarsely moulded. The skin was thick 
and the hair dry and sparse. [| think the 
description of Caliban must have been 
inspired by the poet having at one time 
seen a cretin. Cretins never up, 
but remained for the rest of their lives 
children in mind and body. Yet, had 
they been Peter Pans—attractive, happy 
and intelligent children—all might have 
been well. But no, they dragged their 
uncouth bodies through a drab existence, 
a burden to themselves and their fam 
ilies—or a charge upon the community. 
The word ‘‘cretin’’ 
tion of the French 
chrétren—used in the same sense as the 
English words ‘‘innocent’’ or 
are applied to the feeble-minded. 

Though cretins were more common in 
Switzerland than in other parts of Eu- 
rope, they were by no means confined to 
that country. Osler, ‘‘within a 
years,’’ as he says, was able to collect 
the histories of fifty-eight 
Canada and the United States. Cretin- 
ism was at one time not uncommon in 
England, especially in Derbyshire. But 
it was in the valleys of the Alps, of the 
Pyrenees, in the Tyrol and in the Hima- 
layas that it was seen most frequently. 

It was not until the gland was re- 
mor-d in young animals that a clue to 
the cause of the condition was uncov- 
ered. Sir Victor Horsley, the famous 
London surgeon, performed this opera- 
tion upon monkeys, and showed that the 
symptoms which followed were 


extreme 
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tically identical with human cretinism. 
Through this work the responsibility 
for the cretin was definitely fastened 
upon the thyroid. This was the gland 
at fault. 

The questions had still to be answered : 
‘*Why is eretinism common in certain 
regions and practically unknown in 
others?’’ ‘*‘Why does the gland fail to 
perform its proper functions?’’ The 
most generally accepted answer to these 
questions was that the drinking water 
was at fault. Even as late as 1910 Sir 
Hector Mackenzie, a pioneer in this field, 
wrote, ‘‘the most potent cause is the 
water used for drinking purposes.’’ He 
admitted that the particular something 
in the water which affected the thyroid 
in this way was unknown. Later, how- 


ever, it was thought to be an infecting 
organism (MeCarrison). 

Without going further into detail, I 
may say that the question has at last 


been settled. It is not due to something 
in the water that should not be there but 
to something that is not there which 
should be there, if I may so express it. 
It is due to a dearth of iodine in water 
and food. For this knowledge we are in- 
debted to Marine, of Cleveland, who 
showed a few years ago that thyroid dis- 
ease in brook trout could be cured by 
the addition of minute amounts of iodine 
to the water in which they swam. 

That explains why cretins are prac- 
tically never seen on the seacoast. The 
sea is an inexhaustible storehouse for 
iodine, which finds its way into the food 
and the drinking water of the coast’s 
inhabitants. It is always in inland ter- 
ritories that thyroid deficiency is seen— 
particularly in the mountains and the 
high land, since they, as a rule, are 
farther removed from the iodine sup- 
plies. Analyses of the soils of goitrous 
districts have shown a marked scarcity 
of iodine. Chatin, a Swiss, pointed this 
out seventy-five years ago, but no atten- 
tion was paid to the observation. 

The thyroid must have iodine in order 
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to manufacture its secretion. Wit} 
this element it struggles on as best 
can, but it can not make bricks with 
straw. It becomes enlarged, yet the e 
largement is made up, to a large exten; 
of worthless tissue with its spaces fi 
with an impotent fluid. The import: 
glandular tissue has degenerated, a: 
though the gland is of greater bulk, it 
a fraud and is quite incapable of mar 
facturing an active secretion. We wi 
also find that such a gland was almos 
barren of iodine, or at any rate, held but 
a fraction of the normal amount. It 
now an axiom of thyroid pathology t 
the larger the gland the less is the iod 
which it contains. 

This is the usual way in which creti: 
ism occurs—following goiter, which d 
stroys the functional activity of 
gland. But in rare instances thyr 
function may be destroyed by some acut 
disease of childhood—cr rarer still, son 
unlucky individual may be born without 
one. 

A similar condition, and one having 
the same cause, may arise in adult lif: 
It is known as myxedema and is essen- 
tially the same as cretinism. There can 
of course, be no stunting of the statur 
or mal-development of the bones, sine 
it appears after the period of growt! 
Myxedema was common in the 
regions where cretins were found. 

In my discussion of ecretinism and 
myxedema, I have deliberately kept t 
the past tense, for the very good reason 
that they are practically things of th 
past. Medical science in its progress has 
swept them from its path. We might 
travel through the Alps to-day, and I d 
not think that we should see a sing! 
eretin, unless it was a case of long stand- 
ing. 

Cretins and myxedematous subjects 
owe their changed fortunes to an En- 
glish physician, Dr. George Murray, now 
emeritus professor of medicine at Man 
chester. It occurred to this investigator 
to extract the thyroid glands of shee} 


Same 
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with glycerine and to inject this into the 
subjects of thyroid deficiency. It is in- 
teresting to recall how this idea first 
eame to Murray. He read of an opera- 
tion performed by two foreign surgeons, 
Bettencourt and Serrano, in which they 
had acted upon the suggestion of Sir 
Victor Horsley and grafted a portion of 
a sheep’s thyroid beneath the skin of a 
victim of thyroid deficiency. They re- 
ported an improvement in the condition. 
Murray says, ‘‘this observation indicated 
to me that the gland carried on its fune- 
tions by means of an internal secretion.’ 
He. therefore, concluded that it might 
be possible to extract this secretion from 
the glands of animals and that it might 
serve as a substitute for the 
secretion that was lacking. In 1891 he 
reported the results of his first trials 


suitable 


with the extract. 

Of all the discoveries in the field of 
medicine, this was one of the most bril- 
The extract fulfilled the hopes of 


Its success was 


liant. 
even the most sanguine. 
complete. It was able within a remark- 
ably short time to conquer all the symp- 
toms of thyroid deficiency in the adult 
that is, myxedema. 

His suecess with the cretin depended 
upon how long the condition had existed 
before treatment had been commenced 
Obviously, not such great benefits could 
be expected in a case which had ex- 
isted for years where brain, bone and 
muscle had been confirmed in their ab- 
normal state. Yet even in these the im- 
provement was often very striking. But 
in the early cases the effects appeared 
to be little short of 
potion brewed in magic cauldron ever 
produced a greater change than did Mur- 
ray’s extract. As though enchanted, 
the stunted and gnome-like body of the 
eretin grew to normal proportions. The 
ugly mask fell from the face, and the 
limbs took on the human grace which 
Nature had hitherto denied them. But, 
greatest benefit. of all, the light of rea- 
son returned to the clouded mind, and 


miraculous. No 


in a short time these apparently hopeless 
imbeciles were turned into happy and 
intelligent children. It is no longer nee- 
to inject the extract, for it 
tablets To day there 
no cretins under forty 


essary can 


now be taken in 
should be 


if one younger than this should 


years 
of age. 
be seen he is a sad reproach to some one 
whether physician or parent—who has 
failed to bring to this blighted one the 
certain cure which is ready at hand 
There is another reason why cretins 
are rare to-day, and that is, the occur 
CAUNS 
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rence of goiter is pre vented The 


Iodine is added to 
the food. or 


times a year to the 


is removed. 
drinking water or given in 


doses a few 


small 
children of the Swiss cantons and othe 
regions where goiter is prevalent 

There is little doubt, then, of one fune 
tion of the thyroid gland. It controls 
the growth and the development of both 
iodine and 


blood 


hormone 


takes 


body and mind. It 


other materials from the and 


manufactures a secretion or 
which produces these effects 
further 
interesting 


In order to bring conviction, 
I shall 
that 


upon 


cite a very experi 


was carried out a few years 


ordinary 


ment 


pol ly 


ago tadpoles 
wogs, whose destiny is, as you know, to 
grow into frogs. 

A group of tadpoles which had been 
hatched 
short time previously was placed in a 
these 


from the same batch of eggs a 
small aquarium. A number of 
creatures were operated upon, and their 
thyroids removed—rather small sub 
for a major op 
But 


made a 


jects, you might think, 
eration, and rather poor risks, too 
them 


a certain proportion of 


and continued to swim 


about after their convalescence, just like 


good recovery 
a number of their brothers who had been 
allowed to keep their thyroids 

The without 
ever, into 
perimenter, with his sealpel, had shaped 
their The joys of frogdom 
were not for them. Never were they to 


thyroids, how 


The ex- 


animals 


never grew frogs 


destinies. 
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spring from slimy pools to breathe the 
air or bask in sunshine upon a lily pad. 
They remained pollywogs for the rest of 
their lives. They were the counterparts 
of human ecretins in so far as body 
growth and development went. Since 
their mentality is searcely of a measur- 
able quantity, no one can say how they 
progressed in that direction. They can 
not be subjected to intelligence tests, nor 
do we know what their brothers thought 
of them; so that side of the question 
must be left to the imagination. Their 
normal brothers, which were kept under 
precisely the same conditions, lost their 
gills and tails, grew arms and legs and 
matured into frogs in the usual way and 
in the usual length of time—two and a 
half to three months. 

If thyroid extract was given to the 
eretinoid tadpoles—a small quantity 
merely dropped into the water in which 
they swam, or fresh thyroid tissue fed 
to them—they commenced to develop in 
the usual way and in due time were 
hopping about, perfectly normal frogs. 

On the other hand, when extract was 
added to the water in which the normal 
tadpoles lived—those which were not de- 
prived of their thyroids—they developed 
into frogs ahead of time. Their develop- 
ment was speeded up. The gills and tail 
disappeared and the limbs grew out in 
about a third of the usual time. It can 
easily be understood why this should 
be, for their bodies were receiving an 
excessive amount of thyroid principle— 
that manufactured by their own thyroids 
plus that given to them by the experi- 
menter. 

Thyroid function has been tested out 
on another close relative of the frog 
family. In Mexican waters there is a 
strange creature known as the axolotl. 
It is considered quite a delicacy by the 
Mexicans, though I think that if you 
ever saw one its gastronomic possibilities 
would not interest you. The axolotl is 
a sort of halfway bouse along the 
evolutionary path, between a fish and a 
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frog. It looks like a huge tadpole 
it is several inches long—that had started 
out to be a frog but thought better of jt 
and remained a grotesque looking ob}; 
with gills, a finned tail, square head a: 
short fore and hind limbs. This is 
usual adult form of these creatw 
they breed in this form, many of 1 
never developing into land animals 

a few others doing so very, very slow] 
If they are fed upon beef thyroid, ey 
one or two meals is enough, they dev 
into air-breathing animals. They los 
their gills and tail fin and develop 
breathing organs. The head becon 
oval and the eyes prominent. 

Here is an instance in which an anima 
—forsaken, as it were, at a certain way- 
side station in the evolutionary journe\ 
—has been brought a step further by ar 
internal secretion. I promised not 
speculate, but I can not help but wonder 
just how important a part the ductless 
glands have played in the evolutionary 
process. 

The thyroid has another entirely dif 
ferent duty to perform, besides thos 
mentioned before. Its hormone is to t! 
body as a foreed draught is to a furnac 
It fans the fires of life. You all know 
that the body shows a very real likeness 
to a furnace or an internal combustio1 
engine. Its muscles consume fuel and in 
doing so use oxygen and give out carbon 
dioxide, just as any combustion engin 
does. Energy is liberated, heat is pro- 
duced and work is done. Thyroid ex 
tract increases the combustion in t! 
muscles. More heat is produced wit! 
extract than without. The fire in eac! 
cell burns more fiercely. The metab 
lism—as the physiologists say—is i! 
creased. 

In those suffering from thyroid lack 
the fires are dampened down. They 
glow dully, not brightly as they should 
—metabolism is lowered. The metabo- 
lism may be altered 50 per cent. eithe! 
way by an increase or a decrease in 
thyroid secretion. On this account, very 
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serious effects will result if a normal in- 
dividual should take thyroid extract for 
any length of time, for in that case the 
administered dose added to the natural 
secretion would increase the combus- 
tion within the body to a dangerous de- 
gree. Sometimes the thyroid has an ex- 
aggerated sense of what is required of it 
and manufactures more of its very 
potent secretion than the body needs. 
The symptoms of overdosage soon be- 
eome evident. I shall not dwell upon 
the details of this condition. There is, of 
eourse, increased metabolism which re- 
quires special methods for its detection. 
The most evident feature is protruding 
eyeballs, though it is by no means certain 
that this symptom can be laid at the 
thyroid’s door. Indeed, there is much 
evidence that it can not. 

Ever since Murray showed that the 
functions of the thyroid were due to an 
internal secretion and that this could 
be extracted, many investigators have 
endeavored to isolate the active princi- 
ple, or essence, one might say, from the 
more or less crude extract which he first 
obtained. As a result it was not long 
before some knowledge of the chemical 
nature of the active principle was gained. 
A few years ago this principle was ob- 
tained in pure form by Kendal, of 
Rochester, Minnesota. He ‘‘dubbed”’ it 
thyroxin. It contains iodine, about 60 
per cent., combined with certain well- 
known organic materials. The iodine 
radical is believed to be responsible for 
the growth-promoting functions of the 
thyroid, and part of the organic radical 

pyrrol) for the effect upon metabolism. 
For, if the iodine portion be broken off, 
the remainder still increases the meta- 
bolic rate, yet it has now lost its influ- 
ence upon the metamorphosis of tad- 
poles. On the other hand, if the pyrrol 
group alone is broken off, the material 
exerts its usual effect upon the tadpole. 

Harrington, in England, within the 
last couple of years, has actually suc- 
ceeded in manufacturing this material in 
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the laboratory—that is, in producing it 
artificially from its chemical constituents. 
It has all the physiological properties of 
the natural product. But it, 
Kendal’s thyroxin, IS many times more 


as well as 
powerful than Murray’s crude extract 
an almost insignificant amount will pro- 
duce the most profound effects. It may 
be looked upon as the quintessence of the 
thyroid juice—a superextract 

THE pituitary is another ductless 
gland which has just as important du 
ties to perform as the thyroid. But it 
is only a fraction of the size of the 
thyroid. In man it is searcely larger 
than a cherry and lies like an Atlas at 
the base of the brain with the huge 
And like 


Atlas, its responsibilities are great, for, 


hemispheres heaped above it 


if it is removed or destroyed, the whole 
body is thrown into chaos. It is east 
into an abyss from which all the gods 
are powerless to raise it; death follows 
inevitably and swiftly. As may be seen, 
this eland is composed of two parts 
which, though they are in intimate con- 
tact with one another, have entirely dif- 
ferent functions to perform. The two 
divisions are spoken of as lobes, the an- 
terior and the posterior. 

The pituitary has been a puzzle since 
ancient times. It is only within recent 
vears that a glimpse of its true fune- 
tions has been allowed us. Since it lay 
on the floor of the skull not far from 
the root of the nose, some of the ancient 
writers thought that it existed for the 
purpose of secreting mucus into the nos- 
trils—indeed, that was how it got its 
name; pituita, mucus and phlegm were 
cognate terms in the middle ages 
Others, with perhaps more poetry in 
their make-up, thought that it was the 
throne of the soul. 

As I have said already, one of the 


main avenues of approach to an under- 
standing of the internal secretions has 
been through a study of their disorders 
The first step 


in the human subject. 
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toward our present-day conceptions of 
pituitary function was made by the 
French physician, Pierre Marie. It was 
he who first deseribed a condition char- 
acterized by overgrowth of the bones 
of the face, hands and feet. The en- 
largement of the facial bones was seen 
particularly in the ridges above the 
eyes, in the nose and lower jaw. In 
some cases reported by Marie this mem- 
ber measured 18 inches from ear to ear 
and the chin was some 4 inches deep. 
The soft tissues also were thickened, 
the combination of fleshy and bony over- 
growth producing extreme coarsening 
of the features. This in many cases 
amounted to grotesque ugliness. The 
bones of the hands and feet, especially 
the former, showed a similar overgrowth. 
This was no moderate enlargement, for 
the hand of one of these individuals 
might be double the size of that of a 
normal person of the same height. 

Marie ascribed this condition to dis- 
ordered function of the pituitary and 
called it acromegaly, which any Greek 
scholar would at once tell us simply 
meant ‘‘big  extremities.’’ Marie 
thought that it was the result of depres- 
sion of the pituitary function, but we 
know now that it is due to just the re- 
verse—increased secretion by this gland. 
The disease comes on more or less gradu- 
ally, but the changed facial expression 
is rendered very noticeable if a photo- 
graph of the subject, taken perhaps five 
or ten years previously, be compared 
with the same person in the flesh. 

The disease, if it progresses, is in- 
variably fatal, and in all these cases an 
enlargement of the anterior part of the 
pituitary has been found after death. 
There is no doubt, then, that it is this 
part of the pituitary which is at fault. 

Sir Arthur Keith, the noted anatomist 
and anthropologist, has thrown an inter- 
esting sidelight on this condition. While 
classifying a collection of skulls in the 
museum of the Royal College of Sur- 
geons in London, he came across one that 








was undoubtedly acromegalic. H 
once recognized the prominence of 
bone above the eye sockets, the mass 
ness and elongation of the lower jaw ay 
the general enlargement of the face a 
of this skull. The other stigmata 
acromegaly were unmistakable B 
what struck him most was the ren 
able resemblance which this skull | 
to the skull of Neanderthal man 
of the earlier of the prehistoric mer 
Europe. 
the two skulls—the acromegalie mod 
and the normal prehistoric—he fo 
that each showed the same essential « 
acteristics. Upon the skulls of 


By careful measurements 


higher apes are also seen many of 
features of the acromegalie skull. 
These facts prompt the question 
the pituitary of man of to-day less 
tive than was that of prehistoric n 
In other words, was a secretion wi! 
would be considered excessive and pat 
ological to-day normal and physiolos 
eal to Neanderthal man? We are 
tempted to ask whether a gradual lower 
ing of pituitary function has bee 
aid or an important factor in the e\ 
tion of the facial and other skeletal c! 
acteristics of modern man? These qu 
tions may be asked, but no one, I thi 
has been bold enough to answer t! 
dogmatically. And there is one g! 
difficulty in considering these sugg 
tions. We shall show in a moment t! 
the growth-promoting power of 1 
pituitary is not confined to the bones 
the face and extremities, but extends t 
all the bones of the body. We wou! 
therefore, expect—if the gland had t! 
effect which Sir Arthur suggests—t! 


the prehistoric man with the beetling 


brows and the massive jaw would ha\ 
been a giant. But he was nothing of th 
sort; he was in fact below the averag 
height of modern man. 


Acromegaly is a disorder of the an- 


terior lobe of the pituitary in adult lif 


that is, after the normal period ol 


growth. But this part of the pituitary 

















may suffer the same disorder in earlier 
life, that is, during the growing period. 
The gland may, just as in the case of 


acromegaly, become too zealous and 
secrete an inordinate quantity of its 
very powerful hormone at this time 
When it does, it is not only the bones of 
the face and extremities which overgrow, 
but all the bones of the body are urged 
into an extraordinary overdevelopment. 
In this way are giants made. Those 
men of tremendous stature who earn 
their livelihoods in circus sideshows are 
instances of overactive pituitary glands. 
Some of these giants reach the ‘‘alti- 
tude’’ of eight or nine feet. They would 
knock their heads against the ceilings in 
the modern Toronto house and would 
need to bend nearly double to pass 
through a doorway. The tallest which 
| have seen reported was a Finn, nine 
feet five inches. But there has been a 
Chinese giant reported who was eight 
feet one inch, and an American recorded 
by Dr. Harvey Cushing as over eight 
feet two inches. These are the extreme 
eases, but there are many degrees of 
giantism or gigantism, as the condition 
is called. A certain French baron some 
vears ago sought by encouraging the 
inter-marriage of giants and giantesses 
of this type to produce a race of super- 
men, but the experiment, for which a 
million franes was subscribed, proved a 
dismal failure. The gigantie parents 
had average sized offspring. And this 
is a characteristic of pituitary giantism. 
The giants are usually the children of 
normal parents and they themselves have 
normal children. 

The pituitary by these excesses— 
acromegaly and gigantism—has _re- 
vealed itself. There is every reason to 
believe that its physiological function 
is to urge the growing bone, within 
normal limits. 

If the pituitary can increase its out- 
put above the normal and produce 
giants, the question naturally arises 
whether it ever fails to manufacture 
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enough of its hormone and produc 
dwarfs? It does, and there are two 
kinds of dwarf which may result from a 


deficient pituitary secretion. Only one 
of these is caused by deficient vy ot the 
anterior lobe alone. He resembles the 
midget, but differs in certain essential 
features from that popular attraction 
of the sideshows The midget rer ! 
unexplained ; he may be a pituitary cas 
but there is no evidence that | Tl 
true anterior lobe dwarf is ! 


He (or sl : 


perfectly proportioned, delicatelv formed 


quaint little person 


and usually of a pleasing appearan 


To the casual observer he appears nor 
In every Way, except in size, and | 
intelligence is usually of the averag 
grade, though in some cases it 1s below 


the normal. They are men and women 


in miniature—adult figures, seen as i 
were through the wrong end of the tel 
scope, for their bodies are never propo! 
tioned upon the plan of the child, that is, 
with relatively large heads Nor ar 
their facial features childlik 

Very frequently the posterior lob 
as well as the anterior is deficient. TT! 
disorder. then. is one of the pituitary as 
a whole. There will be seen a combina- 
tion—a mixture of effects, some caused 


by one lobe. some by the other 

Before these combined effects can be 
described, the functions of the posterior 
lobe must be outlined. The duties of this 
part of the gland are not so clea 
those of the anterior. True, an extract 
may be obtained from it which produces 
immediate and very definite effects when 
injected into an animal. It causes, for 
instance, a rise in the blood pressure and 
induees contractions of the muscular 
walls of various organs of the body. But 


whether they are part of a true physio 
logical function or merely eff 


duced through artificial methods of 


“eects pro 


extraction can not be said 

There is no evidence that the posterior 
lobe is concerned in any way with the 
development and growth of the bones 
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There is one function, however, of which 
there seems to be no doubt. It is con- 
cerned with the disposal of sugar by the 
body. When its secretion is produced in 
insufficient amount, there is a remark- 
able increase in the quantity of sugar 
which the body can use. If a normal 
person takes a large quantity of sugar it 
is not all utilized by the body cells. The 
excess can be found in the blood and is 
later excreted. The subject of posterior 
lobe deficienvy can utilize several times 
that which the normal individual can 
use. It would appear that this excessive 
utilization can not be accounted for by 
increased combustion of the sugar and 
consequently by a greater production of 
heat. For these subjects have a body 
temperature that is lower than the nor- 
mal, and the general metabolism is ac- 
tually depressed. The excess sugar is 
evidently used for the formation of fat, 
since the outstanding feature of these 


subjects is the great overdevelopment of 


fatty tissue. Injections of an extract 
of the posterior lobe produce the op- 
posite effect—a reduction in the body’s 
ability to use sugar. 

Pituitary disorders of this nature are 
not infrequently seen in children. Many 
children, as we know, have a tendency 
to increase their fatty tissue at a certain 
age, and this may be due to a normal 
variation of the posterior lobe hormone. 
But these individuals with posterior 
lobe deficiency are not just ordinary fat 
children. Their fatness is really extra- 
ordinary; they are veritable roly-polies 
and present a striking appearance. They 
have often a voracious appetite and 
have, even for children, an inordinate 
longing for sweets of all kinds. They 
are, as a rule, somewhat below par 
mentally, progress slowly at school and 
show an unchildlike lethargy—ready 
to sleep at any time. Dickens’ Fat Boy, 
I think, must have been a pituitary case; 
and the little fat boy whom many of 
you may have seen in the movies, as a 
member of that humorous group of chil- 
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dren known as ‘‘the gang,’’ has, I think 
if the truth were known, a pituita: 
whose posterior lobe is not quite doin: 
its duty. Great obesity may result fro; 
posterior lobe deficiency in adults als 
and the fat woman of the circus is in 
many cases, no doubt, an example of t! 
condition. Indeed, the vagaries of t} 
pituitary have proved a great source 
profit for the circus proprietor. 

When there is a deficiency of the an- 
terior lobe accompanying the deficier 
of the posterior lobe, there is a combina- 
tion of the effects characteristic 
both parts of the pituitary. Arrested 
growth, added to the extreme obesity 
produces a remarkable type of dwarf 
His length and breadth approach equal- 
ity. Gigantism with obesity will als 
occur if overactivity of the anterior lob 
be associated with deficiency of t} 
posterior. 

EXPERIMENTAL 

All these instances show tl 
direction in which the activities of th 
pituitary lie. If disorders of its fune 
tion produce these abnormalities, it is, 
I think, logical to assume that its physi- 
ological function is to influence the 
growth of the body within normal limits 
(anterior part) and to furnish a hormon 
which controls in some way or other the 
conversion of sugar into fat (posterior 
part). Until recent years, little support 
for these conclusions, arrived at from 
the study of human eases, could be ob- 
tained from animal experimentation. 
The other two methods of approach 
use of extracts and removal of the gland 
—failed to produce decisive results. Re- 
cently, however, Evans and Smith, of 
the University of California, have been 
able to show in a truly spectacular 
fashion the profound effect which the 
anterior lobe has upon growth. They 
have been able to prepare an extract of 
the anterior lobe which has this effect. 
The experiments were carried out in this 
way: Pituitary glands (anterior lobe 
of the ox were minced and extracted with 


go to 
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salty water. The extract obtained in this 
simple way was then injected into young 
white rats over a period of several weeks. 
Other rats of the same litter were kept 
under precisely the same conditions and 
received the same food, but were not in- 
jected with extract. These untreated 
rats served as standards or controls, as 
they are technically called, to which the 
injected rats could be compared. 

The period of growth of the normal 
laboratory rat is now well known. It is 
from 150 to 180 days. At the end of this 
time it has reached the adult form and 
size and ceases to grow further. The 
control rats followed this normal course. 
The treated rats, that is, those injected 
with the extract, did not cease to grow 
when the end of this period was reached, 
but continued to grow for several weeks 
afterwards. They finally developed into 
huge, giant rats. Though they were not, 
perhaps, as large as the rats that Gul- 
liver adventured with in Brobdingnag, 
they were at least 60 per cent., and in 
some cases 100 per cent., larger than 
their brothers and sisters of the same 
litter which had received no extract. 

The other side of the picture was also 
outlined by experiment, that is to say, 
depression of the pituitary function pro- 
duced the effects—retarded 
growth. On account of the small size of 
the pituitary in the rat, it is impossible 
to destroy one part of the gland without 
injuring or destroying more or less of 
the other part as well. There is also the 
danger of damaging too severely the 
anterior lobe, which is essential to life. 
It was, therefore, impossible to produce 
pure effects of one or the other lobe. 
The effects were what might have been 
expected from partial destruction and 
consequent deficiency of both lobes. The 
animals became very fat and failed to 
grow to normal size. They corresponded 
very closely to the type of dwarfs al- 
ready described for human subjects, as 
a result of deficiency of both lobes. 
These animals, however, usually showed 


reverse 
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the obesity more than the dwarfing ; they 
were so rotund that they resembled noth- 
ing so much as little balls of cotton wool. 

Before leaving the subject of the pitu 
itary I 
effect which its 
tain members of the amphibian and rep- 
tile families. Many of doubt 
have been fascinated by the way in which 


Ti > 


must speak of another strana 


has upon cer- 


secretion 
you no 


some of these creatures, such as 
toad and certain varieties of lizard, 

ticularly the chameleon, apparently 
change the color of their sk 


ns to match 
the background upon which they lie or 
cling. Many fish, 
with this ability. Even th 
frog is of a darker tint in subdued light 
than it is in 


also, are enaowse d 


common 
or on a dark background 
bright sunshine, where it 
come ‘‘bleached’’ to a 
shade of green or yellow 
The frog’s skin, as you know, is not 


appears to be 


rhter 


much lg 


of a solid color, but is marked with dark 
spots or blotches which overlie a light 
greenish yellow ground. This mottling 
is particularly well marked in one spe 
the leopard frog If the dark 
spots are examined beneath the 
scope they will be found to be made up 
of groups of cells with many branching 


cies 
micro- 


arms and containing granules of a dark 
expand in the 
eontract in 


pigment. These cells 
dark or in dim light 
bright light. Or I] 
that the pigment collects near the center 
of the cell when the light is bright, but 
streams throughout the whole cell and 


and 


should say, rather, 


into its branching arms when the frog is 
in darkness. So the blotches 
larger and take up a greater 
the skin pattern, and less of the under- 
lying green or yellow pigment of the 
skin shows through. This action of the 
cells of the frog’s skin was a puzzle to 
biologists for years. They thought that 
nerves must be concerned in the 
tion, yet this could not be demonstrated 
with general One com- 
petent observer, for instance, was con- 
vineed that the reactions were carried 


become 
part of 


reac- 


satisfaction. 
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out through the sense of touch in the 
skin of the toes. For, he said, when the 
toes were rendered anesthetic by cocaine, 
the responses did not occur. He thought 
that the textural qualities—hardness, 
roughness, ete., of various materials, 
such as stone, grass, wood, earth, etc., 
upon which the animal rested, produced 
color reactions in the pigment cells cor- 
responding to the color of these mate- 
rials. In other words, the nerves estab- 
lished an association between the tex- 
ture or any other ‘‘touchable’’ quality 
of a material and its color. This theory, 
on the face of it, seemed improbable, 
and it is not at present entertained. 

If a few tadpoles be taken and their 
pituitaries removed—this can be done 
quite easily in this creature, for the 
gland lies in an accessible position be- 
neath the upper surface of the head— 
very soon we should find that the animals 
had lost their natural dark eolor and 
appeared as mere silvery ghosts of their 
This suggests to us at 





former selves. 
onee that the same thing which bleaches 
the tadpole also bleaches the frog. Does 
the lack of pituitary secretion cause the 
pigment granules to retreat to the center 
of the cells, and does the presence of the 
hormone in the blood cause them to 
spread throughout the ecell-body? We 
ean easily put this suggestion to the 
test. If a frog be injected with an ex- 
tract of the posterior lobe, its skin within 
a moment or two becomes coal black. 
After removal of the pituitary, on the 
other hand, the frog is unable to alter 
the color scheme of its skin when the 
illumination of its surroundings is 
altered. There is little doubt, then, of 
the action of this portion of the pituitary 
upon the pigment cells of the frog. If 
the eyes of a normal frog are covered 
with some opaque material, the color re- 
action does not occur. 

Now we.can form a picture of the 
mechanism by which the animals change 
their tinting according to the light. If 
the frog is in a bright light or upon a 





light background the retina is stimy 
lated by the rays of light. 
pass along the optic nerves to the brain 
and some of these impulses are sid 
tracked to the pituitary’s posterior lo} 


and its secretion is suppressed. The sup- 
pression persists so long as the rays of 


light are entering the eyes. The 
ment cells, however, do not at once by 
come pale, for the secretion which h 
been circulating in the blood, and w! 
keeps the cells expanded, must first 


used up. This takes a certain time, but 


as soon as it is complete the cells appear 
to shrink, and a sickly greenish yell 
pallor ereeps over the amphibian ski 
In this way does the frog—leopard 
other variety—change his spots; but 
Ethiopian can not change his skin, 
no corresponding reactions have b 
shown to occur in man or in any of 
higher animals. 

Limited space permits me to consid 
only two ductless glands. 
these two because more is known of t! 
than of others which I have not touch 
upon. I[ might, for instance, hay 
discussed the parathyroids—those tin) 
glands which lie beneath the thyro 
They are essential to health and, indeed, 
to life itself, though even in an ox the} 
are no larger than a bean. They gove 
the amount of calcium in the blood. It 
they are removed the calcium is reduc 
and an extract prepared from them 
when injected into an animal causes th 
ealeium to rise. 

Or I might have taken up the adren: 
glands, which lie near the kidneys and 
are believed by some to enhance the 1 
actions of the primitive emotions—hat 
fear, anger, ete. There are also thos 
glands which have been shown to exert 
such influence upon the development o! 
the secondary characteristics of sex, 
such as the plumage of birds and the ant- 
lers of stags. There are also the pineal 
gland and the thymus, the one lying 
deep in the brain, the other deep in the 
chest, and both shrouded in the deepest 


I have chos 


Impulses 














mystery. There is also the pancreas, 
which pours insulin into the blood 
stream, but the study of this hormone is 
a very large subject in itself. 

| have treated the glands of which I 
have spoken as though they were quite 
This is 
unavoidable, because this is the way in 
which they have been studied, and this 
is the way in which most of the infor- 
mation regarding them has been gained. 
Yet there is no doubt that their actions 
are very closely related one with another 
and that it is purely artificial to study 
them in water-tight compartments. It 
is, however, at the present time, im- 
possible to do otherwise. 

We should look upon the secretions 


independent one of the other. 
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of the ductless glands rather, I think, 
as forming with the blood a suitable 
environment—an appropriate fluid m« 
dium TO bathe the ct » ol the tissues 
When all secretions are present in their 
correct proportions the cells are healthy, 
they flourish and grow normally. If, on 
the other hand, one or other constituent 
of this nicely balanced mixture be 
present in reduced or excessive propor 
tion, the environment becomes unsuit 
able and the cells suffer. Their develop 
ment along the particular paths which 
hereditary impulses direct them is 
thwarted, and abnormalities result 

In order that there shall be physiologi 
cal harmony, each endocrine gland must 
play its part in tune with its fellows 





COUNTING ATOMS AND ELECTRONS' 


By Dr. L. F. CURTISS 
U. S. BUREAU OF STANDARDS 


In the development of the subject of 
atomie physics, information is_ fre- 
quently necessary which can only be 
obtained from the study of individual 
atomic processes. Although much of 
our present knowledge is based on in- 
vestigations of atomic aggregates, and 
conclusions have been drawn from the 
results which represent the average of 
millions of individual reactions, this 
method does not always give the infor- 
mation required, nor is it always safe 
to deduce what a single atom may do 
from the actions of atoms en masse. In 
fact, most of the important experiments 
which opened the way to what might be 
termed modern atomic physics dealt 
with individual atoms. As a striking 
example may be mentioned the well- 
known experiments on deflections of 
a-rays when passing through solids, per- 
formed by Sir Ernest Rutherford by 
the scintillation method. By counting 
the scintillation of individual q-par- 
ticles on a zine blende screen he was 
able to observe the behavior of individ- 
ual particles and to show conclusively 
that the great preponderance of the 
mass of the atom was in a very small 
region near the center. This marks the 
beginning of course of the nuclear 
theory of atomic structure which still 
forms the foundation of all atomic 
speculation regardless of the manner in 
which these speculations are developed. 

With each new development in 
atomic theory the importance of meth- 


1A more technical discussion of the subject 
will be found in a paper in the June issue of 
the Physical Review by the author. The present 
article is published with the approval of the 
director of the Bureau of Standards, Depart- 
ment of Commerce. 
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ods of this kind grows. It is therefor 
desirable to give special attention 
such means of study. In addition 
the scintillation method mentioned 
above for counting aq-particles, ther 
exist at present only two other ways i 
which observations of this kind may b 
made. One is the cloud-chamber orig 
inated by C. T. R. Wilson, and th 
other the electrical counter devised by 
Geiger. Although the  scintillatir 
method only permits a counting of t! 
number of q-particles which strike 
the cloud-chamber makes the whole pa 
of the aq-particles visible, which has 
great advantages. Unfortunately 


chamber only makes visible those pro 


esses which occur within about one on¢ 
thousandth of a second and this im- 
poses certain limitations on its us 
The Geiger counter is very similar in its 
use to the zine sulphide screen of th 
scintillation method but does not rv 
quire a darkened room and will als 
count £-particles, 4.e., swiftly moving 
electrons. It also may be arranged 
be self-registering so that permanent 
records of its count may be made auto- 
matically. 

It may be appreciated from the abov: 
brief summary of these methods that 
the Geiger counter is capable of many 
important applications. However, its 
use is attended by several serious handi- 
eaps. One is that very little or nothing 
has heretofore been known regarding 
the real nature of its action. This has 
led to cut-and-try methods for produc- 
ing working counting chambers, which 
were not always reliable. Even under 
best conditions great care and patience 
are required to avoid spurious effects 
which may vitiate the whole experiment. 
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In view of this situation there is need 
of improvement in the counter which 
ean only be accomplished when more is 
known about its operation. I wish now 
to describe some attempts to determine 
the essential conditions for a sensitive 
counter. The results have given some 
interesting information which leads to a 
better understanding of the nature of 
the action of the counter and which may 
lead to considerable improvement. 

For the benefit of those who are not 
familiar with the Geiger counter, a 
brief description of its construction and 
use may not be out of place before we 
begin to discuss the experiments. Es- 
sentially in its usual form the counter 
eonsists of a cylindrical metal tube, 
closed at one end save for a small hole 
to permit a- or B-particles to enter. An 
insulating stopper fits the other end and 
supports axially the ‘‘point’’ which con- 
sists usually of a finely sharpened steel 
or platinum needle, occasionally with a 
minute ball fused on the end. Fig. 1 
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shows a diagram of such a counter. In 
use the walls of 
are charged to a constant 
from 

volts, de pending on the size of the 
ber, 


distance from the 


the counting chamber 


potential ot 


one thousand to two thousand 
cham 
the nature of the point and its 
face of the chamber. 
It is customary to connect the chamber 
walls with the 

battery, but it 


the potential reversed, as 


positive tern 
may be o| 
cussed later. The point is co 
some sensitive detecting devi 
a string electrometer or a vacuum-tube 
amplifier. When 
with a_ suitably 
**kick’’ of a 
tained for each 
the chamber through the opening in the 
front. way the 
a-particle current 
between the wall of the chamber and the 
up 


properly adjusted 
prepared point, a 
string electrometer 1s ol 
a-particle that enters 
This means that in some 


starts an ionization 


point, causing the latter to 
However, current 
most instantaneously 


i 
. 


chargé 
started a] 
and the 
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FIG. 1. A DIAGRAM SHOWING THE ESSENTIAL FEATURES OF THE GEIGER 
ION COUNTER. 
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counter returns to its original econdi- 


tion, if provided with a suitably treated 


point. The point is connected to ground 
through a high resistance which enables 
the charge acquired by the insulated 
system of the electrometer to leak off in 
time to receive another charge from the 
next q-particle to enter. It has been 
found very hard to explain why this 
ionization current not continue, 
once started, so that it would be impos- 
sible to use the chamber for counting. 
All that has been known is that some 
special heat treatment is necessary to 
put iron or platinum points in a condi- 
tion to act in the usual way. Hereto- 
fore, practically no other metals have 
been used successfully. There has been 
considerable discussion regarding what 
change is produced in the metal by re- 
peatedly heating or fusing in a flame, 
the usual method of preparing a point. 
However, no satisfactory conclusions 
have been drawn, mainly because too 
little information has been available 
concerning the behavior of points under 
various conditions. In fact, so much 
confusion has existed that some investi- 
gators have postulated that the sensitive 
surface of the counter is not on the 
point but on the inner wall of the cham- 
ber. This is not the as we will 
see before we have finished with this 
discussion. 

A few pertinent facts concerning the 
behavior of the counter, as reported by 
other investigators, should be summar- 
ized here for use later in the discussion. 
What might be termed the amplification 
factor of the counter is of considerable 
interest. Each q-particle of course is a 
single ion, being a doubly charged 
helium atom. By measuring the cur- 
rent which flows in the chamber for each 
a-particle counted, it is possible to 
determine how many ions are produced 
within the counter for each count and, 
therefore, how greatly the original 
stimulus has been magnified by the 
counter itself. 


does 


case, 
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This has been done by various work 
ers under slightly different conditions 
but the average estimate is about W) 
10° ions for each qg-particle, so that 
can appreciate at once what a powerfu! 
method is here offered. This also ma 
it evident that, by choosing a suital 
high value of the high 
‘*kick’’ of several volts may be commu 
nicated to the string electrometer sx 
that for visual observations no further 
amplification is required. Another 
teresting fact that has been known 
that very closely the same number 
ions are produced in the counter during 
its operation for every particle that 
enters. To make clear what is meant by 
this statement it should be recalled t} 
we really deal here with two types or 
stages of ionization of the gas in th 
chamber when a particle is count 
There is what may be termed the ‘‘p: 
mary’’ ionization, which is always p1 
duced by an q-particle when it traverses 
a gas. For example, when an q-particl: 
passes through air at atmospheric pres- 
sure it produces about 3,000 ions per 
mm of path. However, we have see! 
that about ten thousand times as ma! 
are produced in the counter ar 
portion may be termed the secor 

ionization or ionization by « 
lision, which will be referred to later 
Now it makes very little difference how 
far an q-particle penetrates into the 
counting chamber since the primary 
ionization contributes so little to 
total effect. This primary ionizatio 
may be regarded as the trigger whic 
sets the counter off. The fact that th 
ionization by collision part of the cur- 
rent remains approximately constant 
from one count to the next obvious!) 
means that the same quantity of gas 1s 
ionized each time and therefore that 
this ionization must occur in about the by 
same portion of the gas. The full sig- tria 
nificance of this will appear when we mar 
come to a final discussion. A further per 
proof that the primary ionization acts 


resistance, 


ions 
this 
dary 
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in the capacity of a trigger is shown by 
bservations which indicate that the 
lower limit to the number of such ions 
which must be produced by the q-par- 
ticle to set the chamber off is relatively 
very small. This is shown by the fact 
that. if eonditions are arranged so that 
the g-particles penetrate the chamber by 
a small fraction only of a millimeter so 
that only a hundred or so primary ions 
are produced, the gq-particle is still 
counted. 

In the work which will now be de- 
seribed, the writer started from a sug- 
gestion made by Geiger in a brief paper 
on this subject. It has always been dif- 
fieult for those who have worked with 
this instrument to understand how the 
eurrent pulse produced by the entrance 
of a particle is broken off so quickly. 
The 


ous. 


interruption is almost instantane- 
In the article referred to, Dr. 
Geiger suggested that a layer of high 
electrical resistance the 
the point might explain this sudden in- 
terruption. As the current started it 
would cause a rise in potential of the 
point opposing that applied by the bat- 
thus finally reducing the effective 
the current would 
that this layer 


oeelusion of 


on surtace of 


tery, 
voltage so low that 

He suggested 
be due to the 
within the metal by the heating which 
is necessary to prepare a point for use. 
To test the idea of high electrical resis- 
tance it seemed reasonable to try films 
of materials which were semi-insulating, 
coated over the point. Many 
things were tried, such as various oils, 
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I 


gas 


might 


such 


lacquers, ete., as well as highly resistant 
metals, such selenium. However, 
none of these was more than partially 
and even these exceptions 
were undoubtedly due to the difficulty 
of coating a very sharp point completely 
by a thin film. However, during these 
trials an accidental observation was 
made which led to a new series of ex- 
periments. 


as 


successful, 
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By chance a steel needle was dipped 
in the phosphoric acid from an old dry- 
bulb. 
fully and at first 
the phosphate 
might be responsible for this 


ing 


This point worked beauti- 


it was thought that 


on the surface 
How 


phosphate 


W hil 


formed 
ever, 
steel needles coated with the 
by other methods failed to 
examining one of these points 
microscope, small bubbles, presun 
hydrogen, were noticed in th 

acid adhering to the needle and 

possible that the presence of this gas on 
the surface of the metal might account 
for the sensitive condition of the point 
This idea tested in the 
ways. In the first place, 


following 


was 
another acid 
} 


dilute su 


which attacks steel, such as 
phuric, should produce the same result 
This was tried and it was found to worl 

A further test of the hypothesis that 
a layer of gas is responsible for the ac 
tion of the counter is provided by work 
with platinum points. If the gas formed 
by the 
platinum points in acid should not help 
them. No effect was obtained by heating 
platinum with acid Further 
more, if the platinum point 18 use d as an 


acid is necessary, then dipping 


points 
electrode in electrolysis, the 
deposited might be effective 
found to be the ease. Furthermore, 


made no difference whether oxygen 0 
hydrogen Points pre 
pared by any of these methods so 
not 


might 


was deposited 
lar 
very permanent or 
reliable, be ‘ted The 
next step seemed to be to find a better 


discussed were 


as ex per 
way of retaining the gas laver on the 
that this might 


using a 


point. It was thought 


be accomplished by eatalytie 
substanee. Accordingly it 


to try some of the well-known metallic 


was de eide a 


catalysts. Platinum black was the first 
to be tried. A platinum point was coated 
by electrolysis in a platinum solution 
This point worked very well. Since only 
the platinum black surface should be 
necessary, steel points were coated with 
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platinum black merely by dipping them 
in the platinum solution. These also 
worked. These results gave great en- 
couragement to the view that the cata- 
lytic condition of the metallic surface 
was necessary for a good point. How- 
ever, it seemed desirable to subject this 
idea to more rigorous test. For example, 
further support might be obtained bv 
working with a metal which can be put 
in the catalytic condition only by care- 
ful treatment. Copper is such a metal. 
It is significant that copper points have 
never previously been used in the Geiger 
counter with any success. Special treat- 
ment is needed to obtain catalytic cop- 
per; t.e., slow reduction and oxidation 
at about 250° C. for several hours or 
days at a time. Copper points were 
placed in a glass tube which could be 
maintained constantly at about 250° C., 
and a stream, first of oxygen, then of 
hydrogen, was permitted to pass over 
them for twenty-four hours. At the end 
of five days these points were tried in 
the Geiger counter and all gave excel- 
lent results. 

Another peculiarity of metallic cat- 
alysts is their susceptibility to ‘‘poi- 
sons.’’ It is well known that the pres- 
ence of such mereury 
vapor, hydrogen sulphide and sulphur 
dioxide will under certain conditions 
ruin the activity of the ordinary metallic 
catalyst. This seems to result from a 
strong affinity between the catalysts and 
these substances and once they are ad- 
sorbed, they are not readily driven off, 
and so modify the surface that the cat- 
alyst no longer functions. It should, 
therefore, be interesting to admit these 
poisons to a counting chamber while in 
operation. A chamber was arranged 
with a side tube so that mercury vapor, 
hydrogen sulphide or sulphur dioxide 
might be admitted while counting. The 
result of this test was remarkably con- 
vincing. The instant the poison was ad- 
mitted the counter at once ceased to 
function. All sensitive points which 


substances as 
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have been tried behave in this 
These results are regarded as an 
phatie confirmation of catalytic th: 
of the sensitive point. 

Any further doubts on this quest 
are pretty well dispelled by observati 
with points of copper. As mentio: 
before copper points in air will ; 
work. But catalytic copper in 
oxidized state does. The reduced co; 
catalyst works in hydrogen but is 
soned by oxygen or water vapor. F: 
adsorption measurements and ot! 
data it is well known that the red 
copper catalyst behaves peculiarly w! 
exposed to carbon monoxide or eth) 
Both of these substances are adsor! 
much more strongly than hydrogen, s 
strongly that they may be regarded 
poisons for this catalyst. A cow 
with a reduced copper point was put 
operation with a stream of hydrog 
passing through it. The hydrogen vy 
then cut off and carbon monoxid 
lowed to flow through. The counter 
once ceased to function. Similar result 
were obtained with ethylene. To mak 
this correlation still more convincing 
freshly cleaned metallic copper | 
was tried in an atmosphere of car 
monoxide. From chemical data 
known that the carbon monoxide s| 
not be so strongly adsorbed on an 


nary copper surface as to constitut 
In this case the copper 

worked, although it ceased to work 
once as soon as air was admitted. T 


poison. 


it may be seen that, as far as tr 
have been made, the behavior of a point 
of any material under given conditions 
may be predicted from a knowleds 
the catalytic behavior of the mater 
under the same conditions and that the 
reverse should also be true. 

In order to give the reader a litt 
better idea regarding the behavior 0! 
the counter under the various conditions 
discussed, chronograph records ar 
shown in Fig. 2. These records wer 
obtained by connecting the counting 
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1. A chronograph record of an wmtreated point uwieuitable 


for counting. 
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2. a chronograph record of a catalytic point counting 


&~-particles. 
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3. A chronograph record of a catalytic point counting 


@G-particles. 
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Each peak represents a single electron. 
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4. A chronograph record showing the effect of a catalytic 


poison. 
tndicated by the arrow. 


The poisoning gas wae admitted at the instant 


10 SEC. 


FIG. 2. 


CHRONOGRAPH RECORDS OBTAINED WITH A VACUUM TUBE AMPLIFIER 


SHOWING THE OPERATION OF THE ION COUNTER UNDER SOME TYPICAL 
CONDITIONS. 


chamber to a telegraph relay through a 
vacuum-tube amplifier. The relay then 
was used to actuate the chronograph. 
In the first line we have an example of 
an untreated, freshly sharpened metal 
point in air. This record was obtained 
by raising the voltage while particles 
were entering the chamber until the 
amplifier responded. The record repre- 
sents a rapid series of brush discharges 
in the counter which are unchanged if 
the source of q-particles is removed. If 
the voltage is raised a little higher, a 
true are strikes, melting the point. In 
the second line we have a record of a 
properly prepared point where each 
‘“kick’’ corresponds to the entry of an 
a-particle. The third line represents the 
same process for £-particles. In this 
case each kick represents the entrance 
of a single electron into the chamber. 


In the fourth line we have a record 


showing the result of admitting a ecat- 
alytie poison into the counting chamber 
while in operation. The poisoning gas 
was admitted at the instant indicated 
by the arrow and as the record shows 
the point was at once ruined. 

With this new information regarding 
the nature of the sensitive surface req- 
uisite for a counter, it 
should be possible to construct a more 


satisfactory 


accurate picture of the processes which 
take place in the counter than could be 
done previously. The writer has con- 
sidered several explanations for the ac- 
tion of the sensitive gas layer and the 
general behavior of the counter which 
will now be presented. Before going 
into this phase of the question in detail, 
we must recall some features which ex- 
ist in the counter as a result of its 
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peculiar arrangements and which play 
an important part in its action. Re- 
ferring to Fig. 1 we note that the 
counter is an ionization chamber with 
very dissimilar electrodes. One is a 
point and the other is a very large sur- 
face. Under such conditions the elec- 
tric potential between these two elec- 
trodes has a peculiar distribution. We 
may make this plain by showing in Fig. 
3 the variation of the potential between 

















oLDISTANCE FROM POINT _| j 
FIG. 3. A DIAGRAM SHOWING THE 


VARIATION IN POTENTIAL WITHIN 
THE GEIGER ION COUNTER. 








two such electrodes. As may be seen 
from the curve plotted with axes placed 
in appropriate positions within the 
counter, the potential rises very rapidly 
indeed in the first few millimeters be- 
yond the point and then after that only 
gradually. Hence an electron released 
from the point quickly picks up suf- 
ficient energy to ionize a gas atom, thus 
producing another electron in an intense 
field so that it also soon has energy to 
ionize and an ionization current is built 
up exponentially to a comparatively 
high value in this region where the 
potential gradient is high as shown by 
the curve. As soon as this disturbance 
proceeds to the region where the curve 
is more gentle in slope, little or no new 
ionization is produced, as the electric 
field is only strong enough here to carry 
ions already formed over to the cham- 
ber walls. The existence of a restricted 
region with intense electric field plays 
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an important part in the operation 
the counter and will be referred to agai; 
in more detailed discussion of its oper 
tion. 

It is also important to remember t! 
the counter works with a relatively hig 
By this we mean 
atmospheric pressure or at some cons 
erable fraction of it. The counter ¢ 
not be relied on at all if the pressur 
reduced below about five centimeters 
mercury. With such high pressures 
course the mean free path of the 
is very short. This means that very 
tense fields are necessary to give ¢ 


pressure of gas. 


the electrons sufficient energy to ior 
at an impact since they can only acqui: 
kinetic energy while moving freely. T 
positive ions, due to their relativels 
mobility compared with the electrons 
never can acquire kinetic energy enoug 
to ionize by impact. When two t! 
sand volts are applied to the counter t! 
positive ions can acquire only a 
hundredths of a volt kinetic energy 
the average. Since the mean free pat 


is of the order of 10°° em, if we consider 


the electric field at its most intense por 
tion equal to 10° volts per em, the pos 
tive ion could only acquire about 10 
volts for each free flight. Since it w 
share this energy equally on impact wit 
the next atom the average energy 
quired at any time by the positive 

is small. 
energy much higher than the averag 
but even this may be neglected when \ 
realize that we require ions with ene! 
gies of about fifteen volts or more 
ionize by impact. This great difference 
between the electrons and the posit 
ions is very important in considering 
the nature of the processes which go « 
in the counter. 

We are now prepared to consider t 
behavior of the counter in relation 
the new facts concerning the catalyt 
nature of the sensitive surface on 
point. In this discussion it must 
borne in mind that this layer only fune- 


Of course a few will possess 
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tions when the point is negative and it 
is then indispensable to the operation of 
the counter. With the point negative 
when a discharge occurs, electrons must 
eome from the point and go to the 
chamber walls. It is well known that 
it is almost impossible to draw electrons 
from metals from which gases have been 
thoroughly removed. 
must explain how the electrons are re- 
leased from the gas layer we now know 
to be adsorbed on the point and how the 
eatalytie property of rapid adsorption 
plays a part in the operation of the 
counter. The only change produced at 
the point when an q-particle enters the 
chamber is the arrival of a few positive 
ions which results from the primary 
ionization produced by the q-particle. 
Therefore these positive ions must be 
responsible for the release of electrons 
from the layer of adsorbed gas on the 
point. The diagram in Fig. 4 helps to 


( ‘onsequent ly we 


a 


Pal 






ACTIVE 


VOLUME 





FIG. 4. A DIAGRAM SHOWING THE RE 

LATION BETWEEN THE ‘‘ACTIVE VOL 

UME’’ AND THE CATALYTIC SURFACE 
ON THE POINT. 


make clear the nature of the problem 
with which we are confronted. The ex- 
perimental evidence here presented in- 
diecates that there is a layer of adsorbed 
gas necessary for the point to work 
which may be represented roughly, as 
shown in the figure. From the form of 
the electric field only ions formed within 
what has been labeled the ‘‘active 
volume’’ will be able to affect the point. 
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Consequently only the small portion of 
gas near the point is involved in the 
process. We are now required to pro 
vide a mechanism which will provide 
for the release of electrons from the 
metal of the point out into the free 
gas of the counter by means of the ad 
sorbed gas. We know that the positive 
ions do not have enough kinetic energy 


to ionize the atoms of the adsorbed vas 
However, as soon as the positive ions 
arrive at the surface of this layer their 
potential energy resulting from their 
ionized condition is at onee availabl 
for exciting or even ionizing the gas 
atoms. For experiments have been per 
formed which show that an adsorbed 
gas has a lower ionization potential than 
a tree gas. Therefore, the potent al en 
ergy of these free fas atoms 18 greater 
than that necessary to ionize the ad 
sorbed gas atom. Once a few electrons 
are thus released from the gas in the 
very intense field existing there, the re 
mainder of the process seems compara 
tively simple. They at once acquire suf 
ficient kinetic energy to ionize the gas 
in the chamber by impact. For each 
electron thus ionizing a new electron is 
produced, which also may immediately 
acquire ionizing energy. This process 
continues as the disturbance moves out 
toward the chamber walls until we come 
to the more gentle part of the curve in 
Fig. 3 when no new ionization is pro- 
duced. During the initial part of the 
discharge the ionization current is build- 
ing up exponentially and this process 
need continue but a short time to ex- 
plain the observed amplification of 
the Geiger counter, t.¢., about 10°. It 
should also be noted that we are now in 
a position to account for the sudden ces 
sation of this ionization current, a fact 
that has hitherto been considered mys- 
terious. This current can continue only 
as long as fresh electrons are supplied 


by the point. However, as soon as all 


the adsorbed gas atoms existing at the 
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tip of the point in the concentrated field 
are ionized, the supply of electrons is 
exhausted. Furthermore, the ionized 
atoms, plus the accumulation of similar 
ions from the gas, cause the point to rise 
in potential and momentarily reduce 
the intensity of the field in the very re- 
gion where the electric field is most con- 
centrated. Of course, in a very small 
fraction of a second, these atoms may 
recombine, drawing on the ‘‘free’’ elec- 
trons of the metal for this purpose, but 
when we realize that we only require 
them to stay ionized for the brief space 
of about 10~* sec. to account for the in- 
terruption of the current it is easily seen 
that this is a possible explanation. 
While working on the above explana- 
tion it occurred to the writer that if 
such ionization of the gas layer took 
place with subsequent recombination 
there might be a visible flash at the point 
for each count. This could be tested 
readily by connecting the counting 
chamber with a vacuum-tube amplifier, 
which in turn actuates a relay. For 
each q-particle entering the chamber the 
relay is heard to click. A slot was cut 
in the side of the chamber opposite the 
point and a microscope magnifying one 
hundred diameters was focussed on the 
end of the point. This arrangement 
was placed in a totally darkened room. 
After the eye was thoroughly adapted, 
requiring from twenty minutes to half 
an hour, a tiny flash was observable on 
the very tip of the point, appearing as 
a softly glowing cap. Four different 
observers were able to see these flashes 
and all agreed that they were entirely 
coincident with the clicks of the relay. 
This experiment was at first considered 
as strongly confirming the idea of ioniza- 
tion of the adsorbed gas layer. On sec- 
ond thought, however, it became ap- 
parent that this glow may be entirely 
due to positive ions from the gas in the 
chamber arriving at the point. Since 
the volume of the counter is kept swept 
free of electrons by the high voltage, 





these positive ions have no chance to re- 
combine until they reach the point. At 
present there is no information available 
which might give preference to either 
view concerning the occurrence of this 
glow. However, since at least two ex 
planations are possible for its app 
ance, it seemed well to consider furt! 
ways in which the electrons might be 
released from the adsorbed gas. 

An explanation has been develo) 
along these lines which would utilize t 
kinetic energy of the positive ions. W; 
have seen that this is not sufficient t 
produce ionization, but the arrival of 
several hundred positive ions each with 
kinetic energy corresponding to a. fey 
hundredths of a volt will raise the tem- 
perature of the minute portion of ad 
sorbed gas near the tip quite appreciably) 
at the instant of impact. Davisson and 
Germer have shown in their recent ex- 
periments with reflection of electron 
beams from layers of adsorbed gas that 
these layers have a lattice pattern similar 
to the metal adsorbing them and that the 
gas layer at room temperature is in 
solid state. They have also shown that 
this solid may be melted by raising th: 
temperature a few hundred degrees 
Now while the gas atoms are in the solid 
phase with a lattice structure like th 
metal, the free electrons of the met 
should be able to diffuse readily into this 
gas lattice since the boundary between 
gas and solid is no longer clearly de- 
fined. If now the positive ions produced 
by the entry of the q-particle strike such 
a layer they may raise its temperatur: 
locally enough to evaporate a portion of 
the gas layer releasing the electrons in 
the intense electric field existing at th: 
tip of the point. These immediately 
produce additional positive ions whic! 
returning to the point, evaporate fur- 
ther gas atoms. This can continue un- 


til the adsorbed gas atoms are all re- 
moved from the restricted area near the 
tip of the point where the field is con- 
centrated. 


When this occurs the dis 
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turbance must cease in very much the 
same way as described above when dis- 
ussing the release of electrons by ioniza- 
tion of the gas layer. Furthermore, 
since by this process the un-ionized ad- 
sorbed gas atoms are replaced by atoms 
from the chamber, these produced the 
same diminution in the electric field 
which was referred to it in the other ex- 
planation. This would then help in in- 
terrupting the current. Actually of 
eourse we know that such an effect ex- 
ists in the counting chamber for, during 
the actual process of a count, the needle 
rapidly accumulates a charge, building 
up a considerable potential. For this 
reason it is necessary to connect the 
needle to ground through a high re- 
sistance so that this charge may leak off 
before the next q-particle enters the 
chamber; otherwise this later q-particle 
is not counted. 

It is rather difficult to decide between 
these two possible explanations. As far 
as can now be seen either would ac- 
count for the action of the chamber and 
there is some experimental evidence for 
each. Since the evaporation hypothesis 
requires less energy from the positive 
ions, perhaps it is to be favored unless 
more definite information supporting 
the former view can be produced. Fur- 
thermore, the evaporation idea makes 
more complete use of the catalytic na- 
ture of the point. On the ionization 
theory all that is required of the catalyst 
is to retain the gas on the point. In the 
second case, however, the gas layer is 
temporarily removed and the strong ad- 
sorptive properties of the catalyst are 
required to restore this layer in time to 
count the next particle. It is possible 
that ordinary metallic surfaces might 
hold sufficient gas to enable the ioniza- 
tion process to occur, but it would seem 
to require a particularly efficient surface 
to readsorb a gas layer rapidly enough 
to count particles which were entering 
the chamber within one hundredth or 
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one thousandth of a second of 
as has been observed. 

Thus far 
count for the principal « 


we have been 


ybservations con- 


cerning the action of the chambe1 
the point is negative. The 

of the current hi: 
plained by means of the relea 
point of electrons which 


ionization 


able of ionizing the gas 
exponential 
need be 
only a few electrons need be 


an 


process 


stimulus very small; that 
liberates 
so that the counter should count an ¢ 
particle as soon as it has entered. Fur 
thermore, the should 


die out since the electrons will soon reach 


disturbance soon 
the chamber walls, after which no new 
ions will be produced in the chamber. 
the the 
are responsible for the major part of the 


Because electrons from point 
total ionization, and these electrons pro- 
duce ions each time in the same region 
of the for each 
counted, we expect the total 
current for a given set of conditions to 
be approximately the same for each a- 


chamber a-particle 


ionization 


particle which is counted. In all these 


respects our explanation is consistent 
with the known behavior of the 
when the point is negative. It therefore 
to that 


such process as outlined actually goes 


counter 


seems reasonable assume some 
on in the layer of adsorbed gas when 
the point is in the sensitive condition 
to enable the electrons to escape 

We turn attention to the 
operation of the chamber when the point 
The counter has been used 


now our 
is positive. 
in this way only rarely and has not ap- 
parently given satisfactory results in all 
cases thus tried. However, the 
writer has found, in agreement with one 
chamber 


when 


or two other observers, that the 
works well this way at about the same 
The further 
been 


voltage as when reversed. 
interesting observation made 
that the nature of the of the 
point is immaterial for the operation of 


has 
surface 
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the counter when the point is positive. 
If a point of a given sharpness has the 
proper voltage applied it works regard- 
less of the kind of metal or its treat- 
ment. This observation shows that ad- 
sorbed gas or catalysis can play no part 
in the action of the point when positive. 
This conclusion is further substantiated 
by attempts to ‘‘poison’’ points when 
operating at positive voltages. None of 
the catalytic poisons produced any ef- 
fect. This is not very surprising when 
we realize that when the counter is used 
in this way we no longer need to release 
electrons from the point since they are 
already traveling toward it. We can 
now visualize the process of producing 
the ionization current for each q-particle 
entering, as follows: When the a- 
particle enters it produces as before a 
few pairs of ions. The positive ions go 
to the chamber walls. Since they have 
low mobility and are in the weakest 
part of the electric field when they arrive 
at the walls, it is searecely conceivable 
that they can do more than be collected. 
The distribution of the electric field with 
the point negative is of course very 
similar to that when positive, as is shown 


POTENTIAL 

















by the diagram in Fig. 5. The regio) 

rapid change of potential is still near { 
point and we may say that practica 
all the ionization current is produced 
both cases in some such region as A a) 


little or no new ions are produced 
impact in the region B in each ¢a 
When the point is negative, electro, 
cease to ionize by impact after leay 
the region of A since they are no long 
accelerated enough between collisions { 
acquire the necessary kinetic energ 
Turning to the case of the positive p 
we find that a few electrons are produ 
as part of the primary ionization by t 
a-particle on entering some part of 
region B. These move toward the p 
and as soon as they reach the reg 
A they begin to ionize by impact, si 
they are now in a strong enough 

so that between each impact they acquir 
enough kinetic energy to ionize at 
next impact. We now have a condit 
almost identical with that existing w! 
the point is negative and a few electrons 
have been released from it. The ion 
tion current builds up exponentially 
the disturbance rushes rapidly to t! 
point, the current being produced in t! 

















FIG. 5. A DIAGRAM COMPARING THE VARIATION OF POTENTIAL WITHIN THE 
ION COUNTER, WHEN THE POINT IS NEGATIVE, WITH THAT WHEN POINT 
IS POSITIVE. 








ATOMS AND 


same volume of the counter as when the 
point was negative. About the only 
difference between the two processes is 
that they travel in opposite directions. 
It is now easy to see also why this cur- 
rent at once ceases when the disturbance 
reaches the point. All the electrons are 
moving rapidly to the point while only 
the positive ions travel through the gas 
between this disturbance and the cham- 
ber walls. Sut re- 
peatedly mentioned, can not produce 
new ions by impact. Hence there is no 
means provided to produce a further 
supply of electrons in the rear of the 
disturbance as it moves to the point and 
the current dies out at once. The only 
way this current can be again started 
is by producing a few electrons in the 
B region of the counter, as, for example, 
by the entrance of another q-particle. 
This of course is just the condition which 
must obtain for the chamber to count 
successfully. Consequently it now seems 


these, as we have 


to be clear why the counter behaves 
much the same on reversed potential, 
although in one case the nature of the 
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surface of the point is so important and 


in the other it plays no part 
juired 


Additional work is. of course, re 
to further perfect the 


making 
illable 


counter. 


use of the information now av 


. 
tnere are cert: 


Since 
working with the 
point is negative it appears 


to determine what condit 


favorable from the stand) 
and 


ample, further study may show that the 


most 
sensitivity permanence 
deterioration of negative points may 
be the result of slow catalytic poisoning 
from traces of SO, in the laboratory and 
that points may be made permanent by 
the 


By such investigations one may 


using only pure gases in chamber 

hope to 
further improvement in th 
counter so that it may become more reli 
able. There is also the possibility that 
the counter may be used in studying cat 
the 


secure 


alytic substances or controlling 
preparation of catalytic materials in in 
dustrial Hence, this work 


may have a by-product of some practical 


pre WeSSES, 


value. 





THE INTERPRETATION OF RESEARCH 


By Dr. BENJAMIN T. BROOKS 
NEW YORK, N. Y. 


Ir Mr. Chesterton had ever been inter- 
ested in scientific research he undoubt- 
edly would have observed that the only 
enemies of scientific research are some of 
its friends. Research must usually be 
interpreted. The world at large, and 
particularly the business man interested 
in technical progress, and the youth, who 
may be groping about for a career, is 
entitled to know what is happening and 
what are the trends of research and its 
significance. The world is entitled to 
reliable information as to what is going 
on in our scientific laboratories. The 
average business man is convinced of the 
value of research, but the miracles of 
research, both real and imaginary, have 
been featured so much in the public 
press that, in the game of selling stocks 
and promoting fraudulent enterprises, 
mystery processes and chemical hocus- 
pocus play very much the same role in 
getting the public’s money as mining 
stocks did in an earlier generation. Un- 
fortunately, some scientific men are so 
imbued with the idea of ‘‘selling’’ re- 
search that they have contributed not a 
little to the success of those who are more 
frankly dishonest. The bad effects of 
lurid exaggeration and carelessness in 
the writings and public addresses of 
scientific men and others who attempt to 
interpret scientific work have become so 
evident that it is worth while to inquire 
whether the ‘‘selling’’ of research by the 
methods of modern high power salesman- 
ship and advertising is not doing more 
harm than good. 

Reference has been made to the evil 
results of casting science in the form of 
Hollywood scenarios. The following is 
the comment of Mr. Henry L. Doherty, 


given at the Williamstown Conference 
1926: 

The tendency of the day, however, is to get 
away from the thought that improvement is 
to come only from long work, conscientious 
done and intelligently planned. We are fi 
pantly told that research work aimed to secu 
minor improvements is not worth while and t 
man who is most readily accepted to the pul 
as a scientist is the one with a mind best 
adapted to the occupation of a _ theatr 
‘*press agent’’ who tells us that someon 
about to ‘‘unlock the atom’’ and unloose « 
ergy without limit upon a world compos 
largely of old-fashioned scientists who have 1 
learned and never will learn to work according 
to advanced ideas. It is apparent to every ma: 
properly trained along scientific lines that, 1 
gardless of what may or may not yet be 
covered, such persons have no idea of what they 
are talking about, but the question is—did tl 
originator of this, or other similar sayings, 
have even a definite dream in his mind, and 
he did we would all like to know about it. 

It may be urged that it is no part of tl 
activities of scientists either to reprimand or 
fight other people, but I hold it is the duty of 
every real scientist to reprimand and rebuk 
those who may make scientists appear impra 
tical or ridiculous or who are an obstacle to t! 
progress of science, and everybody who predicts 
some accomplishment to which he can not point 
to a proper reason therefor is an enemy to t 
progress of science and only by reprimand and 
rebuke can this damaging talk be stopped. 1 


have been told at least a hundred times in the 


last four years that there is no reason to worry 
about the future of our oil supply, for scien 
will surely find a substitute for petroleum. / 
am sorry to say that some of the men who hat 
said this have been classed by the world 
scientists, but most of them are without scie: 
tific knowledge of any sort and none of them 
have as yet been able to offer any evidence that 
they have the slightest knowledge which might 
justify such a statement. 


The interpretation of scientific re- 
search is an exceedingly difficult matter 
There are few men who can write with 
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the inspirational quality, beauty of dic- 
tion and scientific soundness of Tyndall 
or Robert Kennedy Duncan, few such 
lecturers as Millikan and few busy inves- 
tigators who will take the pains to put 
science into simple language filled with 
philosophic meaning, as Paul Heyl has 


done. But, apparently, there are people 
who believe that the ‘‘tabloid’’ news- 
papers should have ‘‘tabloid’’ science, 
phrased in the ‘‘peppy’’ sentences of 
Mr. Babbitt. Apparently, some believe 
that selling science is like selling religion 
and saving souls; probably the per- 
centage of those who remain converted 
is the same in both cases. Some of the 
chromatic magazine covers, devoted to 
science and invention, suggest all the 
thrill and melodrama that Frank Merri- 
well and Nick Carter formerly supplied. 
Must morons be supplied with moron 
science? It would be more dignified and 
effective if we were to advertise in the 
subway with placards: ‘‘Patronize Your 
Neighborhood Research Chemist’’ and 
put up billboards in the country stating 
‘‘Research Brings Business Health,’’ or 
‘‘Wealth from Atoms,’’ embellished by 
a pink bathing beauty scrutinizing a test 
tube. Dignified slogans could be used, 
such as ‘‘Research Reaps Rich Re- 
wards. ”’ 

There can hardly be any question but 
that careless, bombastic or exaggerated 
interpretation of science does a great 
deal of harm. Not long ago the writer 
was discussing a public address recently 
delivered by an officer of one of our 
largest technical societies. The address 
in question was a romantic phantasy of 
what wonderful things were going to 
happen as a result of a certain line of 
research (if only some one would come 
forward and put up the money for said 
research). My friend said: ‘‘I recognize 
the applesauce you are talking about and 
its author, but what harm does it do? 
Nobody takes that sort of thing seri- 
ously. He is accustomed to dealing with 
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young students who must be inspired by 
pretty that they 
things. Other people, in the full posses 


sion of 


will try 


fancies so 


their faculties and whose time is 
valuable, would never dream of 
Aside from the 


such 


trying 
such things.’’ question 


as to whether romancing 
pedagogy, it is not intended as 
and t honest W 
exception of a few fundamental 
to believe that 


essence of the search for scientific 


is therefore n 


world has eome 


is honesty, and any one who has won 


recognition as an investigator comes 
before the public forum with this badge 
What 


business 


of the guild stamped upon him. 
is going to be the feeling of the 
man who has sunk money in ill-consid 
ered research, if he is told that public 
addresses should not be taken seriously, 
that this is Just one way of selling re- 
search, just the big outside the 
tent? What is going to be the feeling of 
the student, whose time is taken during 


noise 


the arduous years of his technical train 
ing, when he discovers that his research 
director was only using him as a pawn 
in the effort to achieve a little sensational 
publicity, that the research on which his 
time was used was scientifically unsound 
or foredoomed to failure as to industrial 
usefulness by economic facts 

It is true that a great deal of money 
has been made and is being made by 
scientific research. Research is scientific 
exploration. kind 
of speculation which is absolutely essen 
tial to technical progress. But there is 
another side to the picture. A great deal 
of money is lost in ill-advised unsound 


Research is the one 


research and in research conducted by 
incompetent investigators. Perhaps it is 
a kind of heresy to mention these facts. 
It is true that it is difficult to judge the 
unknown. It is difficult or impossible to 
estimate the chances of success with any 
accuracy. But an honest attempt can be 
made to make an ‘‘estimate of the situa- 
tion,’’ as the student of military opera- 








tions phrases it, first with respect to the 
economic limitations and second as to the 
scientific soundness of the project. The 
story is told of Professor Adolph von 
Baeyer, the grand old man of organic 
chemistry, that a research student sug- 
gested that he be allowed to take up the 
synthesis of quinine so that it could be 
manufactured instead of extracting it 
from Peruvian or Ceylon cinchona. A 
good idea, but the old master is said to 
have replied : ‘‘ Young man, you will not 
live long enough.’’ Quinine undoubt- 
edly will be synthesized in the course of 
the march of chemical research, and per- 
haps manufactured cheaper than the 
natural product. But Baeyer, the great- 
est organic chemist of his time, did not 
consider it a good bet. 

There has been considerable discus- 
sion among scientific men in recent 
years regarding the question of profes- 
sional ethics of expert witnesses called 
to testify in eases before the courts. 
The general result of this diseussion has 
disclosed the fact that, save for a very 
few flagrant cases, the standard of 
professional conduct has been above re- 
proach. The exceptions are very diffi- 
cult to deal with except by general con- 
demnation by the scientific fraternity. 
The ‘‘selling’’ of research by gross ex- 
aggeration is no less reprehensible and 
has more far-reaching evil effects than 
perjury by an expert witness. The 
only way to stop the selling of scientific 
research by public utterances resem- 
bling the tooting of a steam calliope is 
by the vigorous disapproval of scientific 
men themselves. This is not so easy or 
as certain of results as it sounds. Uni- 
versity trustees have been known to 
promote the professor who rushes to the 
public with visions of driving vessels 
across the ocean by releasing the elec- 
tronic energy of a thimble full of mat- 
ter. Just what kind of matter or just 
how the energy is to be released and 
applied are, of course, details that are 
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omitted in the rush for publication. S 
long as trustees desire this type of | 
fessor one can not be surprised if th: 
are a few professors willing to su 
the demand. There has been a genu 
desire shown by the best of our pul 
press to keep the scientifie quack 
charlatan out of its columns, but ev 
newspaper loves a sensation and on! 
the best of them hope that the sens 
tions which they print are all 
The American Chemical Society 


been holding a series of special summe: 


meetings given over to round-table dis 


cussion of research subjects, an 
gether pleasant and worth-while se: 
of meetings. But there is always 
least one jack-in-the-box, who mu 
jump up, if only to say something wl 
the late afternoon press will featur 
with the baseball scores. At the ree¢ 


Evanston meeting armies were anes 


thetized by chloroform, chemical w 


fare gases were destroyed by peroxides 


and thousands of tons of synthetic rul 
ber were made from the waste gases 

petroleum refineries, all in one afte: 
noon. Nobody wishes to suppress su 


discussions, but since newspaper me! 


look very much like other people, ext: 
nally, they invariably find a way 

and a good reporter can smell a sens 
tion as far away as a camel can sm 


y 


water. There is always a great deal o! 


difficulty with censors; they ar 
popular as baseball umpires. The or 
practical remedy is for scientific men t 


be more careful of their public utter 


ances, 

Another reason for some of the vig 
ous optimism of some of our popu 
science lecturers and writers is 


+} 


rather large amount of money which | 


re 


spent upon research. Competent 
search men certainly are not paid t 


well, but they are generally much bette 
paid than many other classes. Th 
director of one of our best known anc 


most successful industrial research |ab- 
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oratories recently told the writer that in 
his experience only about twenty out of 
every one hundred Ph.D. men given 
temporary employment with his com 
pany were sufficiently competent to be 
considered for longer employment. 
What happens to the researches that the 
incompetent 80 per cent. undertake for 
other companies?’ How many of them 
continue to take advantage of the wide 
spread and liberal financial support of 
scientific research, only to make a liv 
until their employers become dis 
gusted or lose their money? Of course, 
all such matters adjust themselves in 
time, but often with a good deal of dis- 
appointment all around. Ill-considered, 
unsound research propaganda leads to 
the employment of many incompetent 
persons on unsound research projects; 
the employer loses not only his money 
but his patience and his faith in scien- 
tifie research as an aid to his business. 

It may be worth while to illustrate 
the different methods of soliciting finan 
cial support of research by considering 
the case of synthetic rubber. It is not 
necessary to go into technical details 
Let us remember that at the Interna 
tional Congress of Applied Chemistry 
held in New York in 1912, Dr. Duisberg, 
me of the directors of the famous 
Radische Co., exhibited an automobile 
tire made of synthetic rubber. The con 
version of certain very reactive hydro 
earbons, such as isoprene, into rubber- 
like material has been an accomplished 
fact of scientific interest for about 
twenty years. The rubber-like material 
produced in the laboratory has never 
been equal to natural rubber in quality, 
and rubber chemists who have studied 
the matter intensively for many years 
can give many reasons for this differ- 
ence. But assuming that research and 
skill will in time bridge this gap, the 
real problem consists in finding a source 
of the raw material, isoprene, which will 
be substantially cheaper than the cost of 


producing na 

Malay plantati 

duced for ab 

pound. Ii 

ber could be 

only a little gre: 

might then hay 

case OL nat 

thetie pro 

turpentine 

as a check on 

camphor, a m 

sold. No one questions the 

of rubber in our present 

scheme of things. Our Ameri 

quirement is something like se\ 

to eighty million pounds pe 
Let us suppose that both A 

optimistic research chemists 

both need money equally badly 

resents the iatter to a business 

something as follows: ‘‘ Ther 

he 


} MW ls 


really aqaimeul about 


synthesis ol rubbs r In 


made a specimen recent ’ 
leum, which you may e) 
have to do is to improve 
what and it will be a com 
sition A billion pounds 
rubber per year will be 
business, which will mak 
enormous fortune for somebor 
manufacturer who develops t] 
will earn the undying grat 
nation for making us indepe1 
natural supply All thi 

is a little intelligent. ont 
Rubber is a hvydrocarbo1 
mixture of hydrocarbons : 

to do is to convert the on 

by processes which are to a 


already known and _ underst: 


ease about as follows 


attractive problem from a 
scientific standpoint. However, I would 
suggest that we make a preliminary in 
vestigation along several lines Wi 


should find out what the situation is 
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with respect to plantation rubber, 
whether improvements have been made 
or more extensive areas planted, which 
may materially lower the cost of pro- 
ducing natural rubber. It will also be 
of interest to find out whether manu- 
facturers of rubber articles can utilize a 
substantial tonnage of synthetic rubber 
of the quality which the researches of 
the last twenty years have shown can be 
produced, provided we solve the problem 
of a satisfactory raw material. What 
special markets exist for inferior rub- 
bers, and would it be possible to improve 
upon the natural product? Would you 
be willing to meet the budget of such a 
research for a period of at least five 
years? It is my opinion that the prob- 
lem is a difficult one and several very 
able men should be employed. The an- 
nual expense would be about . ia 
thousands of dollars. Petroleum has 
frequently been suggested ‘as a suitable 
raw material. Prior investigators have 
of course not overlooked this possibility 
and beginning with Engler and Staud- 
inger in 1910 the results to date have 
been about so and so. It is possible 
that many so-called by-products may 
have to be utilized, if we use petroleum, 
and this may make it possible for you to 
get your money back even if we do not 
sueceed in making synthetic rubber, 
itself, commercialiy. We shall certainly 
discover many things of scientific value 
and interest in the course of our work, 
which will make it worth our while, as 
scientists, but we can not guarantee you 
financial returns with the same degree 
of certainty. If, having given you the 
scientific aspect of the problem as best I 
ean, and after studying its economic 
aspects, you believe, as I do, that it is a 
good speculation, then ‘Here is how.’ ’’ 

The case for theoretical research with- 
out any specific industrial objective is 
quite another matter. The director of a 
well-known industrial research labora- 
tory told the writer recently that every 


purely theoretical discovery made 
their laboratories had found an indus 
trial application within two years of th 
discovery. But selling theoretical yr 
search is rather too difficult for t) 
popular writer and is seldom attempted 
Professor Pupin has told of the grea: 
effect that Tyndall’s lectures in this 
country in the seventies had upon th: 
popular support of theoretical researc] 
Even this great cause suffers at times 
from the zealous exaggerator. He wou 
balance a great industry upon the point 
of a single theoretical discovery. But, 
as Robert Kennedy Duncan phrased it 
many great problems are solved by th 
organized attack of a veritable arm) 
and the methods of advance are co! 
parable to the slow fighting and advance 
of a siege. The cancer problem is suc! 
a one, and the final solution, when 
comes, will rest upon an enormous fou 
dation of painstaking research by a host 
of workers. 

Many of those who undertake to i: 
terpret research or seek to dazzle wit 
their prophecy are probably the counter 
part in science of those who, in the field 
of art, seek to gain fame by painting 
cubist pictures, writing free verse or 
sonant music. Unwilling or unable t 
learn the technique of their art or 
science, they leap to the stage and pos 
as true prophets of the future. 

Undoubtedly the greatest good that 
ean result from the proper interpreta- 
tion of science is the inspiration 0! 
youth with the ideals of science and zea! 
for research. One of our most gifted 
interpreters of research recently gave a 
address on ‘‘Carbon,’’ which dealt firs’ 
with soot, carbon black, coal, then wit! 
the diamond and finally with the daring 
objectives of modern organic chemistry 
He explained to me that he believed a 
elementary students should be ocecasion- 
ally led to the mountain top, to a hig! 
point of vision so that they might see all 
the beauty and supreme importance o! 
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scientific endeavor and he stated that at has never been apprecia 

the same time it should be explained to the present tim: Sines 

them that only by a great deal of hard nearly every hon 

work could they fit themselves to partici- electrons? WI! 

pate in the glory of the great achieve- mins, insulin and perhap 
ments. One of the finest and most dar- mic rav? There is a 

ing examples of inspirational teaching of the r ading public tl 

that has come to the writer’s notice is formation regarding scient 
being made at one of our state universi- and they are entitled to se) 
ties of the Middle West ;1 the students of eration. A mathematical phy 
general chemistry are given a series of told the writer that there wer 
ten lectures on the nature of matter, in 
cluding the essential facts so far discov- 
ered of the structure of atoms, something 
of stellar evolution and the explanation 
of stars of abnormal densities, atomic 


less than a dozen men in An 


could read the mathematical pape 
James Clerk Maxwell and understan 
them, and the same probably applies 
oe ' . the publications of the famous physical 
disintegration, the space lattice of crys- hemist, Willard Gibbs. While these ex 
tals, and the like. Five special lectur- 


: amples are somewhat extreme, there is 
ers, including a professor of physical 


: . . 2 no question of the need for adequaté 
chemistry, a professor of astronomy and 


‘ ayer : translation of science, from the language 
a professor of mineralogy, put their best 
effort into these lectures. Such inter- 
pretation of science is an art, and, like 
all great art, it is extremely hard work 
If there should be any question as to 
whether such teaching is effective, a re- 
cent statement of Dr. W. R. Whitney, /0S°Phy and our mental life, 
director of research of the General Elec- the world of fact and out 

trie Company, gives the answer. Dr. 
Whitney stated that in over thirty years 
he had ‘‘never known a good, able man Dr. Arthur 8. Eddin 


of mathematics, physics and chemistry 
into English. Interpretation means 
more than making the facts intelligibl 


we wish to know what it all means, wha 


scientific discovery is doing to our phi 


health and happiness 
Pupin’s ‘“The New | 


gton irs 


to come from a poor teacher.’’ Atoms’’ may not be among the best 
In. conclusion, it may be worth while ers and may not have placed these au 

to consider the general reader a little. thors on a popular lecture cireuit, but 

The cultural value of scientific education their interpretation of science is in th: 
1Qhio State University. spirit of the highest scientific ideals 





HUMANIZING GEOLOGY 


By Dr. CHAS. N. GOULD 


OKLAHOMA GEOLOGICAL SURVEY 


In Oklahoma we are now placing the 
guide-book by the side of the road. 

The Lions Club of the thriving little 
city of Ardmore, aided by the Ardmore 
Geological Society, has placed by the 
side of the new highway north of the 
city a dozen signboards descriptive of 
the various geological formations ex- 
posed on the surface in the Arbuckle 
Mountains. 

The Arbuckle Mountains’ of southern 
Oklahoma are an object lesson in geol- 
ogy. Those who know tell us that in no 
single area of similar size in the United 
States there many geological 
features in this region. With the 
exception of glacial phenomena and 
voleanie phenomena, almost the entire 
gamut of geology may be observed in 
these mountains. 

To go a long way back toward the 
beginnings of geologic history, in far-off 
Cambrian times, the area where the 
Arbuckles are now located was a shallow 
The first rocks deposited in this 
sea and the oldest stratified rocks in 
Oklahoma were sandstones and arkoses 
washed in from some nearby land. This 
is the Reagan sandstone. The sea grad- 
ually deepened and for long eons lime- 
stone was deposited, one layer after 
another, until a total thickness of about 
thousand feet of limestone had 
formed. This is the Arbuckle 
limestone, a great series of massive 
ledges, one of the thickest limestone 
formations found anywhere in America. 


are SO 


as 


sea. 


eight 
been 


1 The Arbuckle Mountains were named from 
Fort Arbuckle, which was located near the west 
end of the mountains. The fort was named 
from General Matthew Arbuckle of the United 
States Army. 


After the deposition of this massiy: 
limestone, the land again 
formation fifteen hundred feet thick was 
deposited. This is the Simpson form 
tion, composed of sandstones, shales an 
thin limestones. At several 
Oklahoma the sands the 
formation are quarried for 


rose and 


places 
of Simpso1 
glass sand 


s 


while in other parts of Oklahoma th 
sand is ealled the ‘*‘ Wilcox’’ 
In the Seminole oil field, during the last 
year, this sand, which is encountered 


Sani 


oil 


thousand et 


wells more than four fe 
beneath the surface, has produced 
much as five hundred thousand barr 
Other members of 


Burgen 


; 


of oil per day. 
Simpson formation 
stone and Tyner shale. 

Lying above the Simpson is the Vi 
limestone, eight hundred feet thick 
then, in ascending order, are the forma 
tions known as the Chimneyhill 
stone, Henryhouse shale, Haragan ma: 
Bois d’Are limestone, Woodford chert 
and Syeamore limestone. The 
combined thickness of the vari 
formations about twelve thousai 
feet. 

All these formations were deposited 
during lower Paleozoic time; the Reag: 
is Cambrian in age; the Arbuckl 
Ozarkian and Canadian; the 
and Viola are Ordovician; the Sylvar 
Chimneyhill and Henryhouse are 5: 
rian; the Haragan and Bois d’Are : 
Devonian; while the Woodford 
Sycamore are Mississippian in 
There are in the series many erosio! 
unconformities, representing times du! 
ing which the area doubtless stood abov 
the ocean, when erosion cut away exist- 
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FOLDED AND 


ng land masses, and no deposits wer 
ald down. 

At the close of the period ol deposi 
tion just described, which extended over 
many million vears, there came a period 
if orogeny, or mountain making. Creat 
stresses and strains were set up, which 
compressed or squeezed together the 
rocks. The entire area now occupied by 
the Arbuckle Mountains was uplifted 
ike a gigantic blister sixty miles in 
ength, and the rocks which were orig 
nally deposited as level-lving sediments 
n the various Paleozoie seas, were up 
ifted and tilted so that near the periph 
ery of the range the various ledges now 


stand on edge, often at an angle of 90 


degrees from their original position. 


After the elevation of the mountains. 
erosion at once began to eut down the 
rocks, and earry the débris into the 


veean This process is still in opera- 





rWISTED ROCKS 


Geologists who 
ter are not entirely agreed as t 
the elevation of the Arbuckle Mounta 
took place 1} a comparatively she 


; 


period ol time SO that th moult 


once stood more than two miles abe 


their present level, or wheth 
lift was accomplished 
erosion about kept pac 
tion of the rocks Whichever 
obtained. the fact remains that 
present time the mountains as 
have been planed down until the 
surtace Consists Of a comparative 
plateau, lving at an elevation of 
four hundred feet above the leve 
surrounding country 

Streams taking their rise 
plateau and flowing toward 
have eroded ceanvons, and a 
where these streams have cut thei 
across the ipturned ledges ot 
limestones one finds many 


watertalls 
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GEOLOGISTS AT 


IN THE FIELD IN THEI 


United States Highway No. 77 crosses 


Mountains north of Ard- 
main arteries 


the Arbuckle 


more. This is one of the 


of travel north and south across the 


\ 


RBU< 


WORK 


KLE MOUNTAINS 


states of the Great Plains. The d 


the 


roads are over, 


covered wagon and the deep-1 


and to-day hard-sur 


highways checkerboard Oklahoma 
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CROSS SECTION THRO 
THE ARBUCKL “agen 


SHOWING THEIR GEOLOGIC STRUCTURE 


——+> NORTH 


THESE BEDDED ROCKS ORIGINALLY LAID DOWN AS NEARLY HORIZONTAL 
LAYERS OF MUD AND SAND UNDER THE SEA. FOLDED INTO A HIGH MOUNTAIN 
RANGE. ABOUT THE TIME THE APPALACHIAN MOUNTAINS WERE FORMED. THIS 
WAS WORN DOWN BY STREAMS AND @ RIED BENEATH LATER SEDIMENTS WHIH 
HAVE BEEN STRIPPED AWAY BY EROSION. EMPOSING THE ROOTS oF THE OLD MOUNTAINS 
SY THE L/ONS CLUB OF ARDMORE AT THE 
OF THE OMLAHOMA GEOLOGICAL SURVEY WITH 
MISSION AND APOMORE GEOLOGICAL SOCIETY 








DIAGRAMMATIC CROSS-SECTION 


} 


uckle Mountains, extending eas 


interposed their bulk across t! 
n line of communication from north 
south The Santa Fé railroad de 
toured several miles to the east and 
und a water gap at the place where ol geolog 
e Washita River had sawed its way At the 
downward through the heavy limestones ninety m 
But the highway, seeking a shorter Mountains, 
urse, climbs the Arbuckle Mountains — teen men i 
and runs for six miles along their crest. young 
Thousands of cars daily travel this high 
way. arget\ 
It is along this highway where the vestigations of these 
erade winds down the south side of the TO day ranks second 
Arbuckle Mountains that the guide-book the Union in new minera | 
signs have been placed, calling attention year. It is the geolog st who has been 
to the various formations crossed by the largely responsible for the discovery of 
highway. And surely no better place’ the three hundred oil fields of the state, 
could have been found. In grading the _ that last vear produced petrol um prod 
ly &500.000 


; 


road aeross the mountains, it was found ucts valued at approximats 
necessary to blast away many of the 000 | 
ledges, laying bare exposures of rock And it is in the Arbuckle Mou 
t previously seen. that many of these geolog sts 

In Oklahoma, geology is no longer a_ ceived their early training. For many 
Strange thing. The people of the state vears it has been the custom to conduct 


. . . 4 { ' tate } yversif 
do not look upon ceologists as either field parties rom the sta U y 
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AN OUTCROP OF THE VIOLA LIMESTONE 


rHE ARBUCKLI 


and from other schools in Oklahoma and 
adjoining states into the Arbuckle Moun- 


tains. It has been estimated that during 


the past two decades five thousand young 


people have studied formations and ¢o! 


lected fossils in these mountains. 


MOUNTAINS. 








So that it was the logical thing f Tl 
Geological Society of Ardmore to st the 
sponsor for the idea of labeling the grad 
formations of the mountains along 1 nd 
newly constructed highway near 1 rac’ 
city. one 
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The moving spirits in the matter wer 
writer and Dr. C. W. Tomlinson, a 
graduate of the University of Wisconsin 
and the University of Chieago, who is 
practicing his prote ssion as geologist for 
one of the petroleum companies ope 
ating in Oklahoma. He is also a mem 
her of the Lions Club of Ardmore 
Some two vears ago Dr. Tomlinson be 
gan to agitate the matter, and succeeded 
in interesting the members of the Lions 
Club in financing the undertaking 
Soon after the completion of the high 
wa\ the signs were erected by the road 
side. Kleven of these signs, each de 
scribing a single formation, are four by 
five feet in size, substantially placed, 
and should last for many vears. The 
argest sign, located on the highest point 


along the highway, is eight by twelve 


feet in size and contains a diagrammatic 


Cross-section ot the Arbuckle Moun 


ins, 


In true western stvle every one ¢O 
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AMERICA’S CORN CROP AND THE CORN 
BORER 


By Dr. W. H. LARRIMER 


wl have 

the 
corn 
and 


the 


ized that farm 


Insects ich 


AMO 


rece \ ne 


notorious 


wid eved attention ol 


the European 


Scientists 


probably 
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The List 


had been in touch with 


dangerous 


Coll \ a 


might t 


| | | 


ndeer nreaten 


£? 000.000.0000 corn erop. but to the 


the 


ruin of the Cana 


majori 


dian fields to tully arous¢ 


aestTrue ssib T1eS eorn 


Canada, 


ore! 


Professor Lawson Caesar, provineial en 


Qntario, Canada, writes: 


TOMOLOGIST 


Such a failure of the corn crop over 


1,200 Ontario aroused 
United 
and, 1927, 
provided for the most colossal plant pro- 
ever the 


borer clean-up cam- 


in 
the 


the spl ing ot 


square miles 


immediate action in States 


in Congress 
tection movement launched, 
$10,000,000 corn 
paign which was undertaken and suc- 


cessfully completed. 


Caesar, 


No. 


1 Lawson 


Bull. 


quest 


The rt 


WW hich 


were two important 


ror answers were sought i! 
large seale clean-up campaign I 


there had 


disagreement the 


been a more or less 


ODIO 
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hor I 
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borer will continue 


ritorv in spite of evervthing 


second, the numbers ean be 


done 


low enough to prev SCTIOUS COI 


ali-t 


¢lal damage bv the el ID methor 
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corn belt, 


advertised by Tre campalg! 


eorn borer advances into the 


problem therefore bec 
ee 


controlling it | 
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all t 


one 
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he pre 


I) 
Jl 


Spread 


coneerted ele anh up Ol 
year’s corn remnants before June 1] 
prevention ot long distanes 


ict quarantine oO 


maintaiming a st 
infested area 
The introduced 
this 1910 
shipments of broom corn from sout 
As this was before the P 
August 20, 1912 
borer had a good chanee to get in 
The 
1917 


estimated 


corn borer was 


countrys probably about 


Europe. 
ot 


Quarantine Act 


develop undisturbed. insect 
first 


ton, 


discovered here in near | 


when it was to ll 
square miles 


Vinal, ol 


Experi 


hundred 
Stewart © 


Agricultural 


about one 
territory. 

Massachusetts 
Station, who discovered the pest, in 
to 


and 


diately began study its eco! 


importance possible methods 
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1918 the investigation was 


ition with the | s 


1919 the 


over th 


Entomology and in 


| er ™ 
entomologists took 


As the 


eravits 


borer st adil advaneed 
the 
the 
the 


rom all possible angles. 


the situation became 


re apparent, organization was 


expanded and 


problem attacked 
At present the 
esearch problems being studied at 
Federal 

the 


States. 


are 


SLX laboratories, ttered 


SCa 
th: 


ot 


laboratory 


roughout infested area 


and one 
imtained by the United States in cen 
Europe to study the 


itive habitat The seareh 


insect in its 
for effective 
parasites 


Fy deral 


t} 


is also being earried on by 
in 
at Hyéres 
in the Orient, 
arters in Japan 


dueted 


entomologists Europe, with 
Var 
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Surveys are con 
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THE CATERPILLAR STAGE OF THE EUROPEAN CORN BORER 


1IS STAGE THAT THE BORER DOES THE DAMAGE AND ALSO HE STAGE I 


BE CON OLLED BY CLEAN-UP OPFI IONS 


Most of this area, however, is. still sometimes in weeds and _ ot! 
very lightly attacked, having less than material erowing close to 
] per cent. of the stalks infested; that presence can be detected by 
is, less than one stalk in a hundred con tranee holes on the surface. TT] 
tains a borer. The only place where the are usually plugged with the east ners 


population has built up sufficiently to the borers. When the stalks. stu stron 


cause commercial damage is in a very them 





narrow strip along Lake Erie. It is 
estimated that between five and ten bor 
ers per stalk are required to cause 
noticeable commercial damage. 

The corn borer is a whitish caterpillar 
with a brownish or often a pinkish tinge 
It is about one ineh long when full 
vrown, and has a dark brown head and 
many small brown spots on its bod) 
The young borers, even when very small 
resemble closely those that are ful! 








grown, but are often when about one 
half inch or a little more in length a ONE OF THE IMPORTED PARAS! 
good deal darker in color THE EUROPEAN CORN BOR] 


The caterpillar winters inside pieces \ FEMALE oF Eulimneria ¢ 
of stalk, stubble or ears of corn and rIMES 








THE CORN BORER 


are split) open, 
lv found within 
\s soon as arm 
or May, the borers resume act 
Ithough no rea feeding takes plac 
borer cuts a small ¢cireular opening 
its tunnel to the surtac 
nt in order 
ire moth 
sed with a thi 
er then retreat 
nt near the last feeding 
ee, where it usually spins 
oon in Which it changes to the pupal 
ge. The pupa is shuttle shaped, 
ries in color from light brown to dar! 
own, and in length from one half to 
e elghths of an ineh After a perloc 
from about ten to fourteen days the appare 
n of the pupa splits and the moth’ given ¢: 
omes forth In the Great Lakes area from the | 
the moth is present in the fields during Twelve sper 


te June, throughout July, and during corn borers 


arly August, under average weather the labora 


iIntested 


‘onditions. 
The moth measures about an ineh Ing t! 


rom tip to tip of the wings and varies try ever 


color from pale vellow to light brown import 
1? 


The moths of the corn borer resemble so. to ow 


closely several other kinds of moths tha 


‘ 
taken 


it is almost impossible for the average — thes 
person to distinguish them They are the 
strong fliers, experiments having shown 
them to fly at least twenty miles, and it 
S very probabl that thes do fly greatel 
cdustances. Lare bodies of water do 
not cheek their flight, for thes have been 
seen to alight on the surface of thi 
water and again take flight. It is prol 

that moths have flown across Lak« 

in this way This flight of the 
noths like the biow ng of the wind 
that ean not be prevented) results in 
natural spread into new territory 
distances of between twe nt and thirty twelve 
miles each vear. recovered 
Soon after emergence the moths mat come est 


d begin to lay eggs, each female mot! ily 


Ing an average ol LOO eos They 
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NO CORN BORER SURVIVES A GOOD BURNING 


borer will of course be a long process 
and at present less than 1 per cent. of 
the borers in the field are being parasit 
ized by these foreign insects 

An effective control of the borer re- 
quired something giving quicker results. 
Spraying did not fill the bill, for th 
borers were inside the plant where they 
could not be reached during practieally 
all their life. Sprays are known which 
would kill the eggs, but they are depos 
ited over such a long period of time and 
are so difficult to reach by the best spray- 
ing methods that the number of spray- 
ings necessary would be out of the ques- 
tion. Trap lights, traps and baits were 
also tried and proved ineffectual. 

It was observed early in the corn 
borer investigations that a certain 
amount of infestation seemed to be 
evaded by late planting. However, the 


agronomists have figured that, bee: 


of reduction in yield due to late pl: 


ing, a 20 per cent. loss from the « 


borer must be expt rie need before it 


be profitable to plant corn late e 


to evade infestation. 


There was, however, one weak spot 


the life cyele, the hibernation per 


spent during the fall, winter and sp: 


in old eorn stalks, stubble and ot 


pieces of corn plant of no use about 
farm. Practically all the borers in 
field are then in the remnants ot 


corn crop or débris in the eorn fi 


especially in the Great Lakes area 
all this can be effectively disposed Oo} 
borers are destroyed with it. 

The surest method of destroying 
material is burning. No borer 
vives a good burning, although it 
been known to survive freezing 
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hardships If all th 


old eor? 


cS, and pieces OL Corn plant, both i 


field and about the barnvard, are 


ughlvy burned, the corn borer ear 
ontrolled 


local 


labor than 


‘fathering and burning in 


Sore 


however, require more 


ctical and do 


the 


not fit convenient 


larm routing In some ¢: 


stubble. ind othe 


débr ~ 


wing all stalks, 


remnants and complete] 


has been 


horers Phy 


borer. as 


hy neg }) Owed 


} ; ) 
recess O Co 


der, but it 
nt or other plan ial on the sur 
e in which to take ret it will most 


uge, 


surely die from exposure, birds or othe: 


natural enemies. Experiments have in 
dieated that at least 9S per cent. of the 


field 


thing i 


les 
eleanis 


The 


contro! IS 


borers In a plowed meet 


Waterloo 
method of 


then 


essential 
absolutely 


thy 
nis 


clean plow'ng, which requires a_ bette 


an ordinary job of plowing I 
plowing for corn borer control, the sk 
of the 


the equipment 


plowman is aS important as 


W ide-bottom plows are 


recommended, though a fourteen-inch 


bottom plow with attachme nts tor covel 


Ing trash has been found to give satisfac 


tory results. 


As the eorn hore r spre ads west Ove} 


the great corn belt, farmers will have to 


make the necessary adjustments in then 


regular farming practices to 


corn borer control measures 


efficient 
the 
that 


are 


piece of equipment in 
the 
the 


fermentation 


contro!) problem IS 


death in silag 
killed by the 
that occurs in the silo 
whieh will included in the 
regular farm that 
adopted by farmers in the wake of the 
borer the the 


use of low 


Those escape 
eutter 
Those practices 
have to be 
will be 


routine and 


are more general use of 
the 


cutting in 


husker shredders. 


S110 


harvesting corn, plowing 


, , 
round practical and 1s 
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borer contro 
and agronol 
eorl comb 
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ner that pereent 


borers are aestroved 


ort mac! 
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corn pore 
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AS previo 
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clean up campaig 
spread and eut 
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heavily infested areas ro make 
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campaign effect 


of corn had eaned up 
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PLOWING 


than 200,000 tarmers had to be reached 
the 
Every corn field in 


and convinced of necessity of a 
thorough clean-up. 
the campaign area had to be cleaned up 
and subsequently inspected in order to 
make the campaign worth while. 


The 


secure, 


the campaign was to 
the 

farmers in 
for the 


plan of 
possible, voluntary 

the 
fields and 
then 


where 
cooperation of cleaning 
federal 


and, 


up their own 


and state officials to step in 
to finish the job 


would 


under state authority, 
for those who either could not or 
For the extra 


not do it. expense in 


curred by the farmer in cleaning up his 


fields the Federal Government proposed 
to reimburse him not to exceed $2 per 
acre. In some eases, the cost was actu- 
ally more than this, but $2 per acre was 
considered a fair compensation in most 
the not 
sufficient to pay the actual cost in all 
eases. More than 185,000 farmers took 
advantage of this opportunity, cleaned 


eases and appropriation was 


IN STANDING CORN STALKS WITH 


IS-INCH PLOW (JUNE, 1927 
up their fields, passed federal inspect 
and collected their extra labor fee 
fields 
up by the 
taken 


Those which were 
farmers by 
eare ot by 


ating under state authority, and the « 


assessed against the farmer by adding 


In most eases this cost 


to his taxes. 


been assessed against the farmer and t 


states have collected a large percent 
to be the United St 


Treasury. 


returned to 


In putting on the campaign one of 


principal limitations encountered 
lack of time. The money became ay 
March 14, 


weeks were left before it 
the 


able on and thus only 


was 
clean up 


to start compulsory 


order to finish it before the moths bee 
In this period mi 


to fly in late June 
than 200,000 farmers had to be told 
the regulations, advised as to cleat 
methods, given opportunity to do 


work, and their fields inspected to det 


not cleans 
May 15 w 


clean-up ¢rews op 


necess: 
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vhether rcimbursement should be 
How well this was done can be 
from the fact that 185.000 farn 
Vy co ‘T for the extra ey 
neurred 
extremes untavorabl 


elean-up Op rations 


retarded development of 


ne tor voluntary clean 
<tended from May 1 until May 


e ¢iean-uyp) Crews stepped hn ana 
, which 
state authority cleaned up the 

DONTS, 


ne corn acreage of about 68,000 


prima 
ttered throughout five states - 


‘ ; 
iit 


At tl 


result, entomologists estimat: 


re than 95 per cent. ol the bon 


yer destroved when th cCampalgi 


‘ 


allv came to a Close July 1, 1927, at 


time borer moths began to emerge eral benefit 


the responsib} T\ 0 
ernment With a very 


ol cooperatiol such 


ear. 
‘he real test of the success of thi 
aign, however, came with the fall 
vy to determine the resultant borer for the mutual accept 


opulation and spread It was found | bility appropriate to 
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and individuals, is now in 
operation. 

Though the corn borer is truly a 
crave menace to corn growers and now 
seems to be pursuing its inevitable way 
towards the corn belt, the outlook is not 
as dark as it first appeared. The 
clean-up method of control has been 
proved, by the 1927 campaign, as both 
preventing 
the 


zat ions 


A 


practical in 
Results of 


and 
damage. 


effectual 
commercial 


1928 clean-up effort show that the farm- 
ers are also both willing and able to 
practice control measures, once they are 


convinced that such are necessary. In 
1928, in the absence of compensation in 


the under regulations, 


larmers cieanea 


areas 


prey ious year 


pensation for th 
ever, only the 

areas were includ 
regulations in 1928 


the farmers were 


lamlila 
borer and had personally 
of the damage it was eapabl 

As the borer spreads westward 
be necessary for the farmers to chang 
the farming routine to includ propel 
disposal of all old corn stalks, stubbl 
and other of the lan 
before June 1 of each year. 


remnants corn plant 





THE INFLUENCE OF ENGINEERING ON 
CIVILIZATION’ 


By Sir WILLIAM ELLIS, G.B.E., D.Eng. 


In choosing the subject for my ad- 
dress I had to decide whether to de- 
vote my attention to some branch of en- 
gineering in which [ have been actively 
engaged during my working life, allud- 
ing specially to some of the technical 
problems involved, or to treat of en- 
gineering in a less technical manner so 
as to interest any hearers or readers of 
this address who may not themselves be 
actively engaged in the engineering pro- 


fession. Knowing that the Engineering 


Section would be addressed on technical 
subjects by very distinguished engineers, 
I have decided to devote my address to 
speaking of the very extensive part 
which engineering in its many branches 


has taken, and is still taking, in connec- 
tion with the amenities which are associ- 
ated so closely with our domestic life, 
and, indeed, our happiness. I shall hope 
in the course of my address to deal in 
some detail with the fact that each 
branch of engineering has added its 
quota to the comfort of our lives, and I 
think it may be claimed that no other 
profession has so direct an association 
with our modern civilization. The enor- 
mous increase in population during the 
nineteenth century, coupled with the 
segregation of that population in indus- 
trial centers, arising out of the extra- 
ordinarily rapid development of indus- 
try in this and other countries during 
that period, has introduced new prob- 
lems in connection with health and trans- 
port, and it has been the task of en- 
gineering in its many branches to deal 
with these problems. It must be ad- 


1 Address of the president before the Section 
of Engineering, British Association for the Ad- 
vancement of Science, Glasgow, September, 
1928. 


mitted that the great advances made in 
the knowledge of both medicine and 
surgery have played a very noble part 
in connection with improvements w 
welcome in the health of the population, 
and in speaking of the part which en- 
gineering has taken in connection with 
public health I have no wish to lessen in 
any way what we all admire and respect 
namely, the wonderful work of the medi- 
eal profession in applying for our bene- 
fit the constantly advancing scientif 
and practical knowledge. 

In the early part of the nineteent! 
century main roads did not exist in this 
country to any great extent, and thes 
roads were in a very inferior condition 
Pack horse transport was still in vogue, 
and up to 1850 a well-organized system 
of mail coaches was the principal means 
of passenger transport. 

The introduction of railways and of 
steamers during the first half of 
century led the way to an enormous) 
increased demand for coal, iron and ste: 
and as the inventions of Sir Henr; 
Bessemer and Sir William Siemens for 
making steel were developed, the neces- 
sity was evident to engineers and chem- 
ists for training schools to deal with th 
physical and technical problems involved 
in engineering and metallurgy, so as t 
arrive at a far greater accuracy, bot! 
in design and construction, than had 
hitherto been considered necessary or 
possible. I find on reading the histor) 
of those early pioneers, both in engineer- 
ing and metallurgy, that they had to 
meet conditions similar to those which 
exist to-day, that is to say, they had t 
force their ideas on to a rather unwilling 
public in order to get them introduced, 
and in many cases they did not reap the 
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reward of their enterprise. Boulton and 
Watt had a desperate struggle for their 
existence. Stephenson had great diffi- 
culty in even getting his engine tried 
amongst those competing for the Liver- 
pool to Manchester railway, and yet was 
the only successful survivor of the trials. 
To-day the fate of the inventor is little 
less hard. In many cases he finds his in- 
vention has been anticipated, and in 
others there is great unwillingness on 
the part of engineers and metallurgists 
to adopt the ideas because of the risk in- 
volved financially in developing the 
processes. 

We have to admit, however, that the 
progress of industry depends very 
largely on the enterprise of deep-think- 
ing men who are ahead of the times in 
their ideas. I may quote Dr. Clifton 
Sorby, F.R.S., as such an instance. He 
introduced by his researches the micros- 
copy of steel, and yet it was many years 
before this became a recognized method 


of gauging the quality of all classes of 


steel. Another great inventor, whom we 
all respect and are delighted to have 
still in active work, is Sir Charles Par- 
I look back many years to the 
early eighties when Sir Charles put in 
years of research work in connection 
with high-speed engines before he suc- 
cessfully produced the steam turbine. 
Since that time he has devoted a large 
portion of his life to developing improve- 
ments both in the design of the turbine 
and the machinery for producing it, 
which have ultimately brought about its 
world renown, and his eminence in the 
engineering world was suitably recog- 
nized two years ago by the award of 
the Kelvin gold medal. 

The technical societies in this country 
in the latter part of the last century 
realized that special attention would 
have to be devoted to an education which 
would combine a practical knowledge of 
engineering with a course of technical 
education of a high level. This was also 
associated with a preliminary examina- 


sons, 
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tion to ensure that their students should 
have a grounding in 
knowledge to enable them 
themselves with success to the 


sufficient general 

apply 
more in- 
tricate technical problems incident to 
their profession. 
of these institutions has been fully re- 
warded by bringing into 
body of highly trained engineers with 


This action on the part 


existence a 
special knowledge of the different 
branches of engineering, and, therefore, 
well able to lead our profession forward 
in the great developments which are still 
taking place in all branches of en 
gineering. 

Although in this address it would be 
out of place for me to discuss education 
in detail, I can not help feeling that the 
ground to be covered in engineering edu- 
cation is now so great that the univer 
sities will do well to apply education in 
general the 
first two years of a university course, 


engineering problems for 


and allow an honors degree to be taken 
in one or other of the special branches 
of engineering. I would urge that with 
the very short terms existing at our uni 
versities, in some cases only three terms 
of eight weeks each, it is unreasonable to 
expect a student to take an honors de- 
gree in three if this 
branches of engineering The 
alternative being considered of 
meeting the difficulty by taking four 
years for an honors degree is, I think, 
open to grave objection, as it is delay- 
ing too long the date at which a young 
engineer is available to take up his first 
professional appointment and in fact be- 
come an earner. 

Coming back to my original subject, 
ean we say which branch of engineering 
has most directly been associated with 
modern civilization? I do not find that 
any one branch can claim the premier 
position. It depends, of course, very 
much on what we regard as the greatest 
essentials in life, and I presume we must 
admit that the greatest happiness of the 
greatest number must be taken as the 


years covers all 
science. 


now 
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true gauge. In this case some of the 
luxuries and comforts of modern travel 
do not hold a primary position, much 
as we appreciate them. Such questions 
as purity and sufficiency of water sup- 
ply for large cities, coupled with a scien- 
tifie system of drainage, are the first 
essentials of health and comfort, espe- 
cially in areas with large populations. 

I will now turn to the different 
branches of engineering and illustrate 
as far as I can the benefits which these 
branches of engineering have introduced 
into the civilization of our present age. 
In doing so I would refer to the defini- 
tion of engineering given in the royal 
charter of the Institution of Civil En- 
gineers on its incorporation in 1828. 
The centenary of the institution has just 
been celebrated, and all engineers must 
be grateful to the principal of Edin- 
burgh University, Sir Alfred Ewing, 
for the carefully thought out review of 
engineering progress in the last century, 
which formed the subject of the James 
Forrest address at the centenary meet- 
ing in June. The charter describes en- 
gineering as ‘‘a mechanical science deal- 
ing with the art of directing the great 
sources of power in nature for the use 
and convenience of man.’’ The term 
‘‘eivil engineering’’ is a comprehensive 
one embracing all branches of the pro- 
fession other than military engineering, 
but I propose to apply the words ‘‘civil 
engineering’’ in this address as dealing 
specially with drainage and irrigation 
works, harbors, docks, reservoirs, etc., 
dealing with railways under the head- 
ing of transport. 

The various branches of engineering 
I propose to allude to shortly in detail 
are as follows: Civil engineering, as de- 
fined above; transport; shipbuilding, 
including marine engineering ; mechani- 
eal engineering; mining engineering; 
electrical engineering. 


Crviz ENGINEERING 


The point which appears to me to 
stand out prominently in this branch of 


the profession is the fact that the strue. 
tures to be dealt with are in many cases 
of an enormously costly nature, and 
have to be carried out with such carefy 
study and comprehension of the vary- 
ing problems to be dealt with so as t 
ensure permanent efficiency and safet) 
in the future. 

The great reservoirs and harbors of 
the world may be regarded as the ecathe- 
drals of engineering. The varying natv- 
ral problems to be dealt with involve a 
very high level of technical education 
In the construction of reservoirs, docks 
and harbors a considerable knowledg 
of geology is essential, and in harbor 
construction the varying effects of tides 
which have to be studied minutely hav 
an important influence on the work t 
be undertaken. Throughout the worl 
will be found monuments to the ski 
of the civil engineer and the very ex- 
istence of the population in our larg 
cities in health and comfort is the result 
of his work, for without an ample a: 
reliable supply of water of good qual- 
ity, both for personal and industrial use, 
and an efficient drainage control, our 
death-rate would indeed be very differ- 
ent from what it is. If we turn for 
moment either to India with its great 
barrage enterprise, or Egypt, with th 
noble Assouan and Sennaar dams, truly 
outstanding works of the civil enginee! 
we find the prosperity of these cow 
tries largely resulting from the magnifi- 
cent irrigation works which have been 
earried out there. Special development 
of produce growing in many countries 
is only being limited by the fact that 
insufficient irrigation works have so far 
been carried out. New Mexico and Ar- 
zona are two great provinces wil! 
potentially fertile land available for 
agricultural development, but they ar 
so short of water that irrigation is aD 
absolute necessity. 

The large increase in tonnage of oceab- 
going vessels has resulted in the neces- 
sity for larger docks and harbor basins 
and the development of railways all over 
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the world, many of them in difficult 
mountainous countries, has given the 
civil engineer a great opportunity in 
designing bridges for carrying this heavy 
traffic. Many of my audience will ap- 
preciate the magnitude of the new bridge 
over Sydney Harbor now being con- 
structed by British engineers, and the 
Forth Bridge still holds its own as a 
masterpiece of British engineering skill, 
and the construction was in the hands 
of a Seotch firm well known in Glasgow. 
The new high-level bridge at Newcastle 
and the new Mersey tunnel are, I sup- 
pose, the most interesting civil engineer- 
ing works at present in progress of con- 
struction in this country, in addition 
to the considerable dock extensions now 
proceeding at Southampton, whilst in 
Canada a very noble bridge is now being 
thrown across the St. Lawrence River at 
Montreal. 


TRANSPORT 


It may truthfully be said that the de- 
velopment of the potential wealth of 
any country depends mainly on the 
means of transport, both personal and 
industrial. I would allude especially to 
the great corn-growing countries, where 
the home consumption bears only a small 
relation to the possible production. The 
knowledge that there is efficient trans- 
port both by rail and for export by sea 
is the greatest incentive to the farmers 
to spend money in extensive cultivation 
with the certainty of a ready market for 
such production. Without mentioning 
any countries we probably have instances 
in our minds where inefficiency of trans- 
port facilities is absolutely blocking the 
progress of internal wealth in those 
countries. On the other hand, where 
railways are efficient and harbors well 
equipped with shipping facilities, we 
find consequent prosperity. 

The comparison of travel to-day, both 
by land and sea, with my early journeys 
in Europe nearly fifty years ago em- 
phasizes in my mind how much we are 


indebted to the engineer, in the way of 
personal safety and comfort and also 
prompt delivery of products. A 
journey in the Balkans in the winter 
of 1881 when sleeping cars and restau- 
rant cars 
when the 
Mediterranean 
borhood of four thousand tons, compares 
very unfavorably in speed and personal 
comfort with the facilities 
available to-day. The 
safety of modern travel is to my mind 
one of the glories of modern civilization 
The forty thousand to fifty thousand 
tons Atlantic liner, embracing as it does 
almost every class of engineering skill, 


our 


were almost unknown, and 


largest vessel sailing from 


ports was in the neigh- 


which are 


comfort and 


is not only an example of artistic beauty, 
but is the finest instances of 
human power combating the forces of 
To be on one of these 


one of 
nature. vessels 
driving into a gale at twenty knots is an 
experience never to be forgotten, and we 
are glad to realize what a large share the 
shipbuilding firms of Glasgow have had 
in the development of these large At- 
lantic liners 

Railway transport has also made great 
progress in all measures affecting per- 
sonal safety and the efficient carrying 
of our various products. The railway 
engineers have every reason to be proud 
of their management of the complex or- 
ganization represented by the great rail- 
way systems all over the world. We 
personally much safer traveling in an 


are 


express train than we are crossing the 
streets of a great city, and I think we 


may justly be satisfied by the fact that 


in no country do the railways afford 
more comfortable or more rapid travel- 
ing facilities than in our own. The 
railway engineer has still some very in- 
teresting problems to face. Heavier and 
more powerful locomotives are the natu- 
ral outcome of the demand for heavier 
freight trains. The civil engineer of a 
railway company can not deal with this 
problem without strengthening bridges 
and improving the condition of the 
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permanent way. All these developments 
involve large capital expenditure, which 
it is not convenient for many railway 
companies to undertake at the present 
time. 

The question of the railway compa- 
nies developing motor services to meet 
the competition of road transport has 
been the subject of legislation during 
the present year. [ think the public 
acquiesce generally in the feeling that 
as the railway companies pay such a 
large proportion of the rates of the dis- 
tricts through which they have travel- 
ing facilities, it is only right they should 
develop road transport in connection 
with their traffic in view of the serious 
competition which they have to face. 
Transport by road has undoubtedly been 
very much facilitated by the large sums 
which the Ministry of Transport has had 
available for the purpose of remaking 
and generally improving our main roads, 
and careful study has been devoted of 


late years to the selection of suitable 


materials for this purpose. Conse- 
quently, in the last ten years there has 
been an immense improvement in the 
quality and design of our main roads, 
more so than in any previous decade. 

It appears to me that one question 
which has hardly been touched to any 
extent at present is the desirability of 
increasing very largely the number of 
by-pass roads to divert heavy traffic from 
passing through large towns, and even 
villages, which are now suffering severely 
from congestion of traffic in their alto- 
gether too narrow thoroughfares. 

On looking back a few years to the 
old system of horse-drawn tramways, 
we must surely be grateful for the bene- 
fit accruing to many thousands of our 
working population arising out of the 
introduction of electric tramways, en- 
abling them to live in many cases in 
much healthier surroundings. 


Naval ARCHITECTURE 


This comprises shipbuilding and 
marine engineering and represents a 


very important part of my subject, deal. 
ing, as it does, with the transport 
sea and lakes of food and materials, an; 
with the comfort and safety of the many 
thousands of passengers traveling 
and from this country. The woode 
vessel in the early part of last centw 
held its own very stubbornly against 1 
introduction of iron or steel vessels, and 
the mechanically propelled vessel had t 
fight very hard to oust the very efficient 
sailing vessels which were then car 
ing the trade of the world. I imagi: 
that some of my audience with artist 
tastes will not be willing to admit t 
the beauty of the present type of n 
chanically propelled vessel is com) 
able with the picturesque five- and six 
mast sailing vessels which we used to se 
in our earlier days. This country has 
undoubtedly been the pioneer in 
building of large warships and passenger 
liners, also in the development of 
very large horse-power therefor. T 
considerable increase in the tonnage of 
ships brought with it the necessity for 
a corresponding increase in the mechani- 
eal appliances in connection with th: 
construction. The trial runs carried out 
before a new ship is taken over by her 
owners are a severe test of the excellence 
of workmanship. They are a necessar} 
test to ensure that long voyages of fi 
to six weeks with machinery running 
continuously at nearly full power can b 
undertaken without fear of trouble aris- 
ing from heated bearings or other 
causes. A new ship may be exposed t 
such rough weather on her first voy 
that unless her plating and riveting ar 
carried out in a first-rate manner, s 
may arrive in her first port in a dam- 
aged condition. Some of us still remer 
ber during the war how new ships, bu 
in other countries, were seriously dam- 
aged owing to the workmanship not be- 
ing of a sufficiently good character. Th 
handling of thick plates of large surfaces 
and the riveting of them satisfactorily 
to the stanchions still remains a labor'- 
ous and trying piece of work for those 
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engaged upon it, although mechanical 
means exist to some extent. Glasgow 
has taken a leading part, providing men 
who in all weathers and under conditions 
rendered difficult by the magnitude of 
modern vessels maintain the high level 
of efficiency which is represented in the 
manufacture of these large hulls. The 
vessels of the greatest tonnage built on 
the Clyde have been the Aquitania 
46,000 tons) and the Lusitania (32,500 
Other large vessels built in the 
have been the Olympic 
46,439 tons) and the Mauretania 
30,696 tons). Since the war there has 
been a lull in the building of liners of 
large tonnage and horse-power, caused, 
no doubt, by financial considerations, 
but it is gratifying to know that two 
large ship-owning companies are at the 
present time contemplating building 
vessels up to one thousand feet in length 
with a speed of over twenty knots. 
Shipbuilding is especially interesting 
inasmuch as it combines in one structure 
the varied efforts of almost every class 
of artisan dealing with both iron and 
steel and cabinetmaking and woodwork- 
ing generally, in addition, of course, to 
the large and varied amount of mechani- 
cal engineering. In marine engineer- 
ing the last fifty years have, indeed, a 
most interesting record of progress, and 


tons). 
British Isles 


in very early years such firms as Hum- 
phreys Tennant, Maudslay, Son and 
Field, and other firms no longer in ex- 
istence, introduced a measure of pre- 
cision into mechanical engineering prob- 
ably not then existing in any other 
branch of the industry. High and low 
pressure triple expansion engines held 
their own for a considerable period, and 
it was, I suppose, the interesting trials 
of the Turbinia which brought about 
the first change from this method. It 
is an interesting fact that our fellow 
member, Sir Charles Parsons, to whom 
I have already alluded, should live to 
see such successful development of his 
patent, and a recent paper read by him 
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and his coworkers describes in a very 

interesting manner the gradual develop- 

ments and changes in design in turbines 

up to the present time. Such devel 

ments range the Turbi 

had a displacement of 44 

2,100 h.p., to the battle 

of 41,200 tons and over 
The 


so as to arrive at relatively efficien 


trom 


150.000 hey 


i 
introduction of geared turbines, 


t speed 
as between engine revolutions and pro- 
peller 


valuable economies and helped the tur- 


revolutions, has brought about 


bine principle to maintain its reputa- 


tion The devs lopment ot internal com 


bustion engines for marine has 


purposes 


made great strides in recent years. 


Various types of these engines are al- 


ready in active service, and a _ horse- 


36.000 on four propellers has 


t 
with efficiency ; 


power of 
already been achieved 
the limit has not yet 
The use of oil instead of coal 


probably been 
reached. 
on board ship, especially for passenger 
purposes, represents many advantages, 
and any one who has visited the stoke- 
hold of a large passenger liner with the 
hundreds of men stoking with coal must 
realize the both 


physical and otherwise, results 


immense advantage, 
which 

from oil burning directly on the boilers 
All ineonvenience caused by dust in re- 
coaling is avoided, and the boiler tend- 
ing is carried out by young mechanical 
engineers, doing away with all the labor 
required by coal burning. In a vessel 
of large tonnage the saving in wages and 
maintenance of several hundreds of 
stokers represents an enormous economy 
in many directions. The question of 
larger horse-power or electrically 
the 


marine engineers are at present turning 


driven 


problems which 


ships is one of 
their minds to. 

A new development which is now be- 
ing introduced is the use of consider- 
ably higher steam pressures in boilers. 
The first application of this 
King George V., a boat built last year 
on the Clyde, and our section has been 


was the 
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favored with a paper from Mr. Harold 
Yarrow dealing with some of the prob- 
lems which have arisen in introducing 
high pressures. As you will have gath- 
ered from his paper, these problems are 
not solely those of the engineer who has 
to build the boilers. They are closely 
associated with steel and metallurgical 
questions incident to the special manu- 
facture of parts of the boilers owing to 
the much greater strength required. 
Many of my audience, no doubt, have 
been interested in the valuable informa- 
tion we have received from the paper 
in question. 

The defense of our country depends 
very largely on the efficiency of our war- 
ships, and it is impossible to speak too 
highly of the wonderful reliability shown 
by the vessels of our navy during the 
late war, thanks to the efficient engineer- 
ing service in our navy, and the deter- 
mination of the various builders in this 
country to produce vessels representing 
the highest standards of engineering 
efficiency. Our country, I hope, realizes 
how much we owe to the engineering 
branch of the navy for the well-proved 
efficiency and courage of its officers and 
men of all ranks in the late war. I be- 
lieve that no vessel of our enormous 
fleet failed in action owing to break- 
down of machinery, and the conditions 
under which the engineering staff find 
themselves in active warfare must be a 
severe strain on their courage. The re- 
sponse to the sudden eall on the two 
battle cruisers, which had already been 
on active service for a considerable time, 
to make the voyage at full speed to the 
Falkland Islands to engage the German 
fleet, represented an engineering feat 
of a very high order. 

In the mercantile marine we have 
great cause for thankfulness in the de- 
velopments which have taken place, re- 
sulting in a very much greater comfort 
at sea. These efforts are naturally lim- 
ited by the sizes of the harbors between 
which the vessels have to trade, but 


when we come to ocean liners the study 
which naval architecture has given t 
the production of these great vessels 
has resulted in our being able to visit 
different parts of the world with a com. 
fort which is equal to that provided by 
the best hotels in any of our great cities 
Shipbuilding and marine engineering 
have indeed taken a noble part in assist 
ing the march of civilization and adding 
to our comforts in every possible way 
I wrote this part of my address on 
the voyage to New York on the 46,001 
tons liner Aquitania. What a triump! 
of enterprise to the Cunard Company 
and to the naval architect and marine 
engineer such a vessel represents. I was 
watching her driving into a northwest 
gale from the boat deck during the day 
a magnificent battle between nature’s 
power and human skill, a sight whic! 
arouses one’s admiration for the gr 
minds who have raised engineering to s 
supreme a height and added so great) 
to the advancement of civilization. 
What does this wilderness of sea portray? 
A mighty struggle, constant day by day, 
’Twixt human skill and nature’s changing 
mood 
The ceaseless roar of North wind’s subt 
blow, 
The varying power of waves that ever flow 
Such is man’s battle ’gainst this angry fi 


MECHANICAL ENGINEERING 

It is difficult to regard mechanical 
engineering literally as a_ separat 
branch of engineering, for althoug! 
numerically, I suppose, the mechanica 
engineers exceed the numbers of any 
other branch, nearly all their duties ar 
associated with other types of engineer- 
ing. 

In connection with civil engineering 
all the plant occupied in harbor, dock 
and railway construction is in the hands 
of the mechanical engineer. Also 
transport and marine engineering thi 
mechanical engineer is largely engaged 
in the engine building of both locom 
tives and marine engines and other types 
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of auxiliary machinery for these pur- 
poses. 

In electrical engineering, although 
this branch no doubt includes engineers 
without mechanical training, I would 
venture to say that the engineer is in an 
infinitely stronger position if he has re- 
ceived some training first as a mechani- 
eal engineer and specialized in electrical 
engineering afterwards. 

A further important branch of the 
mechanical engineer’s work is repre- 
sented by the maintenance of machinery 
in the large steel works throughout the 
country and in the mills and factories 
of all descriptions. The directors of 
these companies are largely dependent 
on the advice of the engineer-in-charge 
in giving consideration to developments 
and the introduction of new types of 
plant to maintain production on an 
economic basis. 

In mechanical engineering I must in- 
clude the very important subject of ma- 
chine-tool construction, a branch of en- 
gineering which has made very great 
strides and introduced many changes 
of design to meet new requirements in 
the last thirty years. Mass production 
on an economical basis in many indus- 
tries has been the direct result of various 
tool-makers being able to produce 
special tools confined to the production 
of thousands of identical articles of a 
complicated design. I refer to articles 
produced at a cost of one tenth to one 
twentieth of what would be possible 
without machine tools specially designed 
for the purpose. 

The introduction of high speed tool 
steel enabling far heavier cuts to be 
taken both by lathes and planing ma- 
chines has rendered obsolete a large 
quantity of machine tools throughout 
the country, and the introduction of the 
electrie drive has also brought about 
great changes in the design of machine 
tools. We hear to-day of some works in 
other countries without a single machine 
tool at work of prewar date, a most de- 


sirable state of things, but one which, 
unhappily, the 
in this country 


ble up to the present time 
we have to admit that with our relatively 


economie eircumstances 


have rendered 


Im poss! 


In principle 


high wages and general charges on in 


dustry, taxation, etc., it is not economi 
eal to 
which 
tools doing a 


in a given time, but many firms through- 


continue to use machine tools 


can be superseded by modern 


greater volume of work 
out the country are only able to act on 
this principle gradually owing to finan 
cial reasons. 

We hear very strong rumors of 
advent of a new type of tool steel, 
ean be called steel at all, which 
to bring about a greater change in out 
put than was represented by the 
duction of high speed steel some years 


Is volni 
intro 
ago. If this becomes an accomplished 
fact it is good news for the toolmakers 


throughout the country, although it may 
many 


not be equally welcomed by the 
large firms already equipped at con 
siderable capital charge with reasonably 
tools. With 
however, and the 
present existing in 


modern such keen com 


petition, 
over-product ion at 


power of 


the country, no firm can afford to ignore 
the march of progress and will have to 
recognize the necessity for introducing 
machine tools of the most efficient type 
even at financial 

May I make a suggestion to the 
makers in this country? When we 
putting down an important new machine 
tool I find the makers will every 
possible help in meeting our require 


sacrifice. 
too] 


are 


considerable 


vive 


ments in design and output, but they 
rarely follow up and ascertain what the 
real performance of the tool has been 
To many of them ‘‘no 
news.’’ I think this is a mistake on their 
part. How many and 
modifications, probably their 
clients money, could be they 
would periodically send the designer or 
chief draughtsman round to the works 
where these machines are actually at 


news 18 rood 
improvements 
saving 


made if 
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work and ascertain at first hand from 
the foreman and even the workman what 
criticisms they have to make, and accept 
for careful consideration any sugges- 
tions that may be put forward based on 
personal knowledge of the output of the 
machine. 
MINING ENGINEERING 

In dealing with this section I propose 
to confine myself to coal mining, so as 
to shorten what I have to say, and also 
to be able to apply myself more closely 
to the development of coal mining as 
affecting civilization. 

Prior to the introduction of modern 
means of transport and the develop- 
ment of the iron and steel trade, the 
production of coal in this country, both 
in the aggregate and per colliery, was 
very small, and, consequently, the 
amount of virgin coal face exposed at 
any one time in a colliery was quite 
moderate. Therefore, the effusion of 
gas was not sufficiently large to intro- 
duce a serious danger to men working 
with naked lights. Ventilation was 
carried out by means of a furnace in 
the bottom of the upeast shaft, the 
draught being sufficient for ventilating 
the moderate area of the workings. In- 
creased production necessitated the 
adoption of mechanical means of ven- 
tilation and large fans were installed. 
Science had a large share in making 
colliery development on a big scale 
possible by the introduction of the 
Humphry Davy and other safety lamps. 
These warned the miners of the presence 
of gas and consequent danger. The 
much heavier tonnage produced in a 
given time necessitated the introduction 
of large horse-power winding engines, 
and also of wire ropes which would be 
sufficiently pliable to pass over the pul- 
leys and headgear, and also be strong 
enough to carry, not only their own 
weight which in a shaft of 500 yards is 
not inconsiderable, but, in addition, a 
loaded cage involving a weight of thirty 
tons or more. 


A sufficient supply of coal at a 
moderate price is a matter of interest 
to every inhabitant and manufacturer 
in the country, and, therefore, any en- 
gineering devices which have been in- 
troduced to ensure comfort and safety 
of the miners and at the same time t 
give us our coal supply for manufactur. 
ing and domestic purposes at a moderat; 
price, are of interest to every one. Al.- 
though we unhappily know that collier) 
explosions occasionally occur with very 
dire results, and regret the many acc 
dents to miners arising out of falls « 
roofs, ete., those of us who are con 
versant with coal mining matters realiz 
how much science and engineering hav 
done to lessen the risk under which t! 
miners work. I believe that the publi 
feel that one of the great risks is in 
winding the men up and down the shaft 
each day, and yet the careful supervisior 
of winding arrangements, inspection 
ropes and general regulations for th: 
safety of the men are such that, so | 
am informed, it is only one man in forty 
millions who suffers an accident from 
this portion of the miner’s duty. 

The introduction of vertical ropes as 
guides to the cages, instead of wooden 
or steel guides, affords a safe and 
smooth running of the cages at sixty 
miles an hour with no more vibration 
than we experience in traveling in an 
express train at the same speed. Under- 
ground haulage has been everywhere 
adopted, so that the use of men for this 
arduous work, and, to a great extent, 
ponies also, has been abandoned. This 
underground haulage is largely carried 
out by compressed air engines placed 
underground, as in many pits it has not 
been felt safe to introduce electric power 
for the purpose except in the immediat« 
neighborhood of the shafts. It is true 
that the electrical engineer has gone 4 
long way in lessening the liability to 
sparking, and in enclosing the motors 
so as further to lessen this risk. We ar 
still left, however, with possible danger 
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eaused by the cables along the main 
roads, which however carefully placed 
are still liable to be damaged by unex- 
pected falls of roof, thereby introduc- 
ing a potential danger which is difficult 
to eliminate. At the coal face the en- 
gineer up to the present has not been 
able to do much to the hard 
manual labor of the working miner, but 
in thin seams, say up to three feet thick, 
where manual work on a solid face would 
be almost impossible, coal-cutting ma- 
chinery (in which a well-known firm in 
this city has successfully specialized) 
has been introduced, thereby lessening 
enormously the manual work of the 
miner. I venture the opinion that the 
introduction of machinery for this pur- 
pose has not yet reached its limit. 

I regret that more members of the 
public do not take the opportunity of 
going underground and seeing the men 
at work at the coal face. On my various 
visits I always receive a warm welcome 
from them, and it is a real education to 
see what the engineer has done, and un- 
der what conditions the men work in 
producing an article on which we so 
much depend for the comfort of our 
daily life. 


lessen 


ELECTRICAL ENGINEERING 

This branch of engineering covers a 
very wide range of subjects and affects 
our social life almost more intimately 
than any other type of engineering, ex- 
cept perhaps the supply of good water 
and efficient drainage installations. It 
is impossible for me to attempt to cover 
the whole range of subjects embraced 
in electrical engineering. Telegraphy, 
telephony, wireless, electric lighting, 
electric heating, electric driving and 
electrie power in their various ranges 
all enter into and affect the comfort of 
our domestic life. In considering this 
branch of engineering as a whole I find 
it very difficult fairly to divide the credit 
for its development between the pure 
Scientist and the electrical engineer. 


The researches and experiments in the 
early part of last century on the part 
of Wheatstone Faraday 
Kelvin, 
time, of 
Mareoni 


and L, 
and later, coming to 
Loda: 


eminent 


Sir Olver 


and other 
have undoubtedly prepared 
the later applications of el 
domestic and engineering } 

no electrical engineer to-day 


bly efficiently carry out his 


out a greater knowledge of 
than 
other 
interesting at this meeting 


may be regarded as 


branches of enginet 
that it 
sociation meeting in 
that Graham Bell, in 
Lord Kelvin, brought to the associat 
notice the telephone, and, further, the 
fact that at the Plymouth meeting of 
1877 |] with 
many eminent members of the British 
Association the interesting privilege of 
telephoning from the saloon to the bridge 


Profes- 


to reeall was at the 


this eit) in 1876 
conjunction with 


ion’s 


this association in shared 


on the excursion steamer, with 
sor Graham Bell on board, going to and 
from the Eddystone Lighthouse. [I al- 
lude to this fact because in those days it 
was regarded as a wonderful scientific 
invention which fascinated the 
eminent scientific men. Yet to-day we 
take it all for granted, and hardly realize 
the comfort and convenience that the 
introduction of the telephone has 
brought into our lives. 

I admit that the introduction of wire- 
telephony telegraphy 
amazed the world to a extent 
than that of the telephone, and it is 
certainly more within the capacity of 
the pure scientist than of the engineer 
problems in- 


most 


less and has 


greater 


to explain the scientific 
volved. [ am not going to state 
the introduction of wireless broadcasting 
into our homes is an amenity or not, 
chacun a son gott, but when we turn to 
the application of wireless telegraphy 
we accept without hesitation the benefits 
it has brought into the world. It is im- 


whether 
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possible to say what number of lives 
have already been saved by boats in dis- 
tress having been able to secure help 
from other vessels by means of wireless 
communication. 

The development of electricity as a 
mechanical driving power was very slow 
up to a certain date. For instance, I 
went by electric train from Berlin to 
Charlottenburg in the spring of 1882. 
The running of the railway appeared 
to be quite satisfactory, and yet it was 
at least ten, and I think fifteen, years 
before any real development took place 
in the way of electric railways or trams, 
the difficulty, I believe, being in pro- 
ducing satisfactory dynamos on an 
economic basis. The first electric rail- 
ways in this country, so far as I know, 
were the Liverpool Overhead Railway in 
February, 1893, and the Liverpool to 
Southport Railway in April, 1904. The 
practicability of electric driving on main 
lines is still a matter under discussion. 
The only country which has whole- 
heartedly adopted this system is Switzer- 
land, a country which has undoubtedly 
been influenced by the uncertainty of 
obtaining a uniform supply of coal at 
reasonable prices, coupled with the fact 
of an efficient and ample supply of water- 
power for their generating stations. 
The Barberine reservoir, which has now 
been completed, and the large reservoir 
at the Grimsel Hospice now under con- 
struction are fine examples of civil en- 
gineering work carried out for the pur- 
pose of developing electric current for 
the Swiss railways. 

In this country considerable develop- 
ments are taking place on the various 
main lines, but engineers are at present 
concentrating on the use of electric driv- 
ing mainly for suburban traffic, and not 
at present on main line long-distance ex- 
presses. It is probable that the great 
extension of high-power installations 
throughout the country contemplated 
by the electricity commissioners will 


render possible a more extensive use of 
electric trains on our main lines. 

The application of electricity for driy- 
ing purposes in the various large works 
in this country made very rapid strides 
as soon as electrical machinery for the 
purpose was available. I remember 
showing to a former president of this 
association, Sir William White, the first 
set of Belliss and Morcom engines w: 
had installed in a works in the Midlands. 
the various machines in these works at 
that time being driven by steam engines 
in different shops and line shafting. Sir 
William said to me then, ‘‘ Do you realiz 
that within ten years every machine in 
these works will be electrically driven?’’ 
I think few engineers realized at that 
time that electric driving would replace 
so rapidly the existing methods. Apart 
from the economy represented by its in- 
troduction the change enabled the man- 
agement to register the amount of power 
used by each type of machine under 
varying loads of service, a circumstance 
which was impossible with belt-driven 
machines, when the power varied ac- 
cording to the tightness and width 
the belt. The greater efficiency, how- 
ever, is really represented by the fact 
that in a large works electricity can be 
produced in bulk at a central power 
station at a low rate of cost, and th 
loss in distributing to the various de- 
partments through high-tension cables 
and transformers to lower voltage in the 
different sections of the works is in- 
significant compared with the saving 
represented by a consumption of coal and 
a cost of maintenance far below what 
is possible with direct steam driving 
Electricity has in some measure been in- 
troduced into mining engineering, as | 
have mentioned in the mining sectior 
electric winding engines have been 
adopted with satisfactory results; but as 
the fuel supply for steam raising at the 
various collieries, especially where coke 
ovens are installed, is much less costly 
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for providing power than in a works 
without such auxiliary facilities, the 
economy in the use of electric winding 
versus Steam is naturally not so great. 

The public, I think, fails to realize that 
electric lighting for domestic purposes, 
if charged at a reasonable rate, does 
not represent any real charge on the 
household. It is so clean in its applica- 
tion that, in my opinion, the necessity 
for cleaning and decorating which is 
avoided in many represents a 
greater saving than the amount paid for 
electric light. In addition we have the 
great advantage that it does not burn 
and therefore we have more 


cases 


oxygen, 


healthy conditions in our rooms com- 
pared with any other method of light- 


ing. I feel sure that those who have in- 
troduced electricity into their houses 
for the purpose of cooking and hot-water 
supply will never go back to the old sys- 
tem of kitchen fire for this purpose, ow- 
ing to the former’s efficiency and clean- 
liness in application. It appears to me 
that all that is wanted for a much larger 
use of electricity domestically is a re- 
duced charge by the various supplying 
companies and corporations at least to 
the level which exists in many of our 
cities already. It is hoped that the work 
of the electrical commissioners in in- 
stalling bigger units of power through- 
out the country may bring down the 
cost so as to place electricity within the 
reach of every householder. 

Since I roughed out this address it 
has been my privilege to make a jour- 
ney across America from New York to 
the Pacific Coast, and return through the 
Rocky Mountains and Canada, and 
throughout my journey I could not help 
realizing how large a share engineering 
in its broadest sense has taken in de- 
veloping these wide regions. First comes 
the railway as a through communication 


between east and west for three thousand 
and 


settlers come 


miles. 
farming and lumber work commences, 


Gradually 


their progress only being possible with 
the aid of railway transport. Gradually 
small towns spring up, requiring the 
assistance of engineers for 
drainage. In the torrid provinces of 
New Mexico and Arizona the 
question is a very serious one, and large 
irrigation schemes will have to be in- 
troduced. At Grand Canyon, 
stance, the water for household and farm 
use is brought nearly two hundred miles 
by train in large special wagons. Then 
mineral and the 
mining engineer appears and requires 
his varied plant to be brought by rail- 
from the 
In the mountainous parts of the country 
large hydroelectric plants are being de- 
veloped, thus calling on the electrical 


water and 


water 


ior in- 


wealth is discovered, 


way manufacturing centers 


engineer for his services, and I might 
quote many other 
similar nature. 

Yes, ladies and gentlemen, those of 
us who are spending our lives in en 


illustrations of a 


gineering work may justly be proud of 
the large share the members of our 
are taking in 
advancing the civilization of the world, 
and thereby bringing 
prosperity to many thousands of our 


pro- 
fession promoting and 


happiness and 
fellow countrymen. 

[I realize that within the limits of this 
address I have only been able to touch 
to a very limited extent on the association 
of the different branches of engineering 
as affecting 
however, I have said enough to interest 
side of engineering 


our civilization. I hope, 
my audience in a 
that is not often brought out, and that 
those of us who are actively engaged in 
engineering may earn the respect and 
confidence of our fellow citizens. 





EDUCATIONAL TROBRIANDERS AND THE 
PROFESSORIAL ILLUSION 


By Professor JOHN M. FLETCHER 


TULANE UNIVERSITY, NEW ORLEANS, LA. 


Ma.inowskI, the Polish anthropolo- 
gist, tells us that the Trobrianders, who 
inhabit a coral archipelago of the South 
Sea Islands, have never been able in their 
thinking to connect the birth of a child 
with the antecedent procreative act. 
Children, according to the belief of these 
people, come from Tuma, the Island of 
the Dead, a land populated by the souls 
of persons who have died on earth. On 
arriving in this land the souls acquire 
the power, once possessed by them buat 
lost, of renewing their youth. After a 
round of rejuvenations the souls may, 
with the guidance of Baloma, the presid- 


ing deity of the Island, return to their 


original earthly abode by entering the 
bodies of women of their original clan or 
sub-clan. 

If we are disposed to follow the So- 
eratie analogy of thinking of the busi- 
ness of instructing the youth as a sort of 
midwifery of ideas, we may find our- 
selves to be closer akin to the Tro- 
brianders than we may imagine. Indeed 
we are, it seems, in quite as primitive a 
stage in respect to the growth of minds 
as are the Trobrianders in their idea con- 
cerning the growth of bodies. That we 
know little concerning causes and effects 
in education is a conclusion which we are 
about to be shocked into confessing. 
Some of our shockers are even going so 
far as to insinuate that we have not 
reached the stage of being intelligently 
concerned about the matter. President 
Faunce, of Brown University, has re- 
cently been quoted as saying, for in- 
stance, that ‘‘nowhere else is education 
so pointless and aimless, so blind in its 
objectives, so indifferent to any specific 


outcome, as in America.’’ In the light 
of this significant confession it is surely 
in order to ask what it is that gives such 
authority and solemnity to the requir 
ments set up by curriculum committees 

Are we sufficiently familiar with men- 
tal embryology to be trusted with tl 
authority in these matters which such 
committees consider to be their inherent 
right? In order to make clear the issu 
involved in this query let us, after th 
fashion of lawyers, put the hypothetical 
question: Suppose that before a repre- 
sentative committee on graduation re- 
quirements we were to lay the candidacy 
of a certain young man. Suppose tha 
the young man in question knew no 
Latin, no English, no modern language, 
no Roman and little Greek history, very 
little mathematics and physics, no al- 
gebra, no calculus, very little about 
human anatomy and physiology, very 
little about astronomy, practically noth- 
ing about chemistry, geology, biology or 
botany, and his entire library could 
be carried in a wheelbarrow. To award 
an academic degree in spite of a confes- 
sion of such ignorance as this would turn 
our educational system topsy-turvy. 
Yet, let me confess, this is not a hypo- 
thetical but a concrete case. Plato, ac- 
cording to L. P. Jacks,’ would, if living 
to-day, be compelled to make just such a 
confession. Was Plato an educated 
man? Can we with all of our latitude in 
curriculum making grow such a mind as 
his? 

The upshot of the situation seems to be 
that we are in a pre-scientific age re- 
specting education and we are attempt- 

1 Atlantic Monthly, Febr., 1924. 
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ing to function as if we were in a scien- 
tiie age. Selentific method, wherever 
applied, presupposes the understanding 

f eause and effect and a certain degree 
f control in the manipulation of causal 
factors. Pre-scientifie empiricism pro- 
ceeds by the method of trial and error, 
and has no criterion of the correctness 
if its methods except the goodness of the 
end results. I can not accept the criti- 
ism of modern education that would 
have us believe that menticulture was 
once understood but has become a lost 
art. Those who have such faith in an- 
ient ways may be interested to read an 
id Latin saying quoted by Paulsen in 
his book on German universities, a say- 
ing which has a distinctly modern flavor 
though it dates as far back as the Mid- 
dle Ages: Sumimus pecuniam et mitti- 
mus asinum in patriam. Probably the 
hief difference between ancient and 
modern methods of turning out this sort 
of educational product is that we have 
made some progress in quantity pro- 
duction. 

The urge toward scientific control in 
education has undoubtedly been present. 
We seem, however, to be grossly in error 
as to the extent to which we have suc- 
ceeded in effecting this control. We have 
been searching for a sort of synthetic 
formula of education. In the more scien- 
tifie methods of recent years we have 
turned away from the consideration of 
the relative values of various cultural 
products of civilization, and have cen- 
tered attention upon the learning per- 
sonality and its learning processes. Pur- 
suant to this aim we have formed and 
are still forming theories as to the essen- 
tial components of the human mind. 
But when, in acting on such theories we 
attempt to fashion a mind as we have, by 
following a similar method, learned to 
produce synthetic camphor or rubber, 
our efforts are, according to many ob- 
servers, not always successful. In our 
faith in the analytic methods of science 


we have broken the mind into 


many sorts of fragments, now of 
tions and their residues 4 la John Locke 


now of primitive instincts a la G 


sensa 


} stan 
ley Hall, now of muscle twitching @ la 
John B. Watson, but as in the ease of t 
tragedy of Humpty Dumpty, we |] 
not been able to get these fragm: 
gether again into a going concern. 
according to press reports, acting 
assumption that its present sen 
educated, seems to be endeavorin 
find out 


naires how it happened. 


from them through ques 
These seniors 
are called upon to give testimonials as to 
what they consider to have been the m 
beneficial studies pursued by them 
their college 


tional empiricism, of judging th« 


careers; a case Ol 


by the character of the end products 
Society in general seems to be able to 


recognize an educated man when one 


comes along, but how to produce them we 


are still endeavoring to learn. The fac 
tors that enter into the making of 
educated mind are so multifarious and 
they operate over such a wide span of 
time that it is difficult to make connec 
tion in our minds between causes and ef 
fects. Hence even primitive empiricism 
is difficult to apply. Wha 

stupidity of the Trobrianders about th: 
birth of children is different our 
own helpless ignorance as to cause and 
effect in education only in degree. 

In the present state of failure of our 
attempts at developing scientific educa 
tional formulae find good 
ground to advocate a frank adoption of 


t we eall the 


from 


one may 
out-and-out empiricism as the best pres- 
ent guiding principle. Successful em 
piricism is better than an unsuccessful 
scientific formula. What we 
present mixture of the and 
hence neither can and hence, 
further, neither can be disentangled from 
the other in tracing the responsibility 
for success or failure, as the case may be. 


have at 
is a two, 


succeed, 
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The chief difficulty in the way of 
adopting an empirical basis of estimat- 
ing the value of educational methods and 
materials is that educated Yale Univer- 
sity seniors and educated college pro- 
fessors alike when called upon to tell 
how they got that way are subject to 
what may be designated ‘‘the profes- 
sorial illusion,’’ so named because college 
professors seem so subject to it that they 
almost deserve the distinction. The pro- 
fessorial illusion, like any other sort of 
illusion, is a parallax or distortion of 
judgment caused by an egocentrism of 
viewpoint. Man originally conceived a 
geocentric universe because he has an 
egocentric mind. The hub of the uni- 
verse sticks out in our own villages be- 
cause the locus of all hubs is the indi- 
vidual mind. If one makes his bed in 
hell this same hub will be there. Pro- 
vincialism is a mental, not a geographi- 
eal, phenomenon. We all, says Bacon, 
have a cave or a den of our own, ‘‘ which 
refracts and discolors the light of 
nature.’’ 

To apply: All men, whether learned or 
unlearned, have their educational philos- 
ophies. With both the learned and the 
unlearned these philosophies represent 
the formulation of personal experiences 
into principles of universal applicability. 
If one doubts the existence of such phi- 
losophies he needs but to do a bit of 
psychoanalytic work on his own accord. 
Let him choose his professorial victim 
and provide the simple paraphernalia of 
a pipe, an easy chair and the softened 
light of the study lamp. The technique 
to be employed is simple. The first and 
sometimes the only step in the procedure 
is to introduce the question as to how the 
victim came to be what he is. Once the 
stream of reminiscing and philosophiz- 
ing has begun to flow only good listening 
is required. The listener will soon be re- 
warded by detailed accounts of how cir- 
cumstances, whether good or bad, wealth 
or poverty, social contacts, early parental 


discipline, whether severe or laissez faire. 
everything, in short, of whatever kind. 
have contributed to make out of the sub. 
ject of the test the man that he is. 

Now, let me pause here to say in pare: 
thesis that this universally human re- 
action is a beneficent one, and undoubt- 
edly has its biological uses. In the days 
when men were not afraid of being 
called vitalists they used the phrase 
medicatrix naturae to describe the dis. 
position of a living organism to take ear 
of itself. Moliére, for instance, said that 
physicians amused the patient while God 
did the healing. It is not scientifically 
fashionable nowadays to speak of th 
‘*healing power of nature,’’ but we may 
deseribe the same phenomenon as the 
capacity to manufacture anti-bodies to 
combat disease, when we are talking 
about physical ills, and when we are talk- 
ing about mental ills we must adopt th 
modern lingo about rationalization, de- 
fense reaction, ete. At any rate we ha 
here a case where Nature, contrary 
what Tennyson said about her, is found 
to be not at all ‘‘ceareless about the indi- 
vidual life.’’ The mind, in short, like 
the body seems to resist disease, diso: 
der, annihilation. Injurious memories 
thoughts about failures and the emotions 
connected with such thoughts, either be- 
come covered by the veil of amnesia, or 
else, in the pipe-smoke of retrospection, 
have a new light thrown upon them, s 
that we may live with them mental) 
without injury or pain. It is by virtu 
of this beneficent power that healthy 
minds of all ages have achieved the tri- 
umph of seeing sweetness in the ‘‘uses 
of adversity,’’ and of welcoming life's 
rebuffs. 

Like all other beneficences of nature, 
however, this reaction tendency has its 
errancies, of which the professorial illu- 
sion is one. It is not true that the his- 
tory of the world is the best criterion of 
what should have been. The world as 
well as human lives may be assumed t 
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have been better off if some things had 
never happened. Most people will ac- 
ept this conclusion when applied to the 
istory of the world, but when thinking 
f their own personal history agree with 
Samuel Butler’s character, Pontifex, 
who said: ‘‘As I look back upon it, I 
respect myself more for having never 
mee got the best mark for an exercise 
than I should do if I had got it every 
time it could be got. I am glad Skinner 
the headmaster) could never get any 
moral influence over me; I am glad I 
was idle at school, and I am glad my 
father overtaxed me as a boy—otherwise, 
likely enough, I should have acquiesced 
in the swindle, and might have written 
as good a copy of Alcaics about the dogs 
‘the monks of St. Bernard as my neigh- 


hors.’ 

Once an observer gets interested in col- 
lecting specimens of this fascinating men- 
tal phenomenon they will begin to bob 


1p in the most unexpected quarters. 
Example: A certain educational author- 
ity of the Mid-West was heard talking to 
a group of college students in a Sunday 
school class. Being in a mood to moral- 
we, he fell to telling them about why he 
turned out so well—of course no one 
ever puts it so bluntly as that. The 
thing for which he felt the greatest grati- 
tude was the fact that his parents in the 
early years of his life sent him to a 
shool where only two things were 
taught, namely, music and manners. 
One of his graduate students, on hearing 
this, remarked: ‘‘I do not know how 
much music he knows.”’ 

The pedagogical damage wrought by 
this personal parallax of judgment re- 
sults not only from the fact that we may 
be mistaken as to what may have been 
the best thing for ourselves, but more 
especially from our insistence, if we have 
the authority so to do, that others shall 
be required to do what we have done. 
We may possibly be correct as to what 
particular studies have contributed to 
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our intellectual development, and still 
have no right to that 
same intellectual pursuits will contribute 
a same amount of benefit to all others 
who may follow them. We are, in short, 
in a pre-scientific stage of knowledge 
coneerning curriculum formulation, al- 
though when we have presented to us, 
say, for education, a human mind, pre- 


conelude these 


sumably empty, we assume that by put 
ting in a little of this subject and a littl 
of that we shall produce an educated 
mind. The various stuffs in our edue: 
tional dispensaries are, by common tr: 
dition at least, labeled according to the 
effects they are expected to produce. It 
is, surely, fair to presume that if we ex 
pect these various subjects to produc: 
predictable effects of a certain kind in 
the students who study them, the teach 
ers, who may be presumed to have mas 
tered such subjects, ought to exemplify 
such effects in maximum degree. If they 
do not, then we must be mistaken as to 
what such subjects will do for students 
There is an old story that was current 
during the suffragist movement in En- 
gland that a monocled son of nobility 
gravely delivered to an ardent suffra- 
gette one day the opinion that women 
should not because it tended to 
make them too masculine. The suffra- 
gette replied that voting had apparently 
not had that effect upon him. When 
our bespectacled pedagogical gentry, un 
der the spell of professorial illusions, to 
which we are all subject, are gravely de- 
livering opinions and making laws in 
curriculum committees, it might be a 
wholesome thing for our suffragette, like 
Portia, to come into court and take the 
Few of us 


vote 


part of defenseless youth. 
who teach have the courage to meet such 
situations in so prompt and so effective a 
way as she met hers. 

Viscount Bryce some years ago dichot- 
omized the subject-matter of education 
into ‘‘external objects, animate and in- 
animate,’’ on the one hand, and ‘‘the 
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products of thought,’’ on the other. The 
one he called the domain of science, the 
other that of the humanities. The for- 
mer is qualified, he thought, to give 
knowledge and practical efficiency; the 
latter to give culture. To his mind one 
may as well expect to gather grapes of 
thorns or figs of thistles as to expect cul- 
ture to result from the study of ‘‘tis- 
sues,’’ ‘‘electrons,’’ ‘‘sodium chloride’’ 
and ‘‘cephalopoda.’’ In spite of the fact 
that it is to these despised natural phe- 
nomena themselves rather than to books 
written about them that the liberalizing 
minds of all ages have turned for their 
inspiration, Bryce would have us believe 
that educational products are deter- 
mined by the character of the subject- 
matter, that the study of recorded 
thoughts will give us one result, and the 
study of things will per se give us some- 
thing quite different. 

The ancient and honorable discipline 
of mathematics has always arrogated to 
itself the peculiar quality of developing 
the minds of its devotees. But for this 
assumption nine tenths of the mathe- 
matics now in our curricula would be 
eliminated. When a teacher of that sub- 
ject takes this position either explicitly 
or implicitly, there should be present 
someone as wise and as courageous as the 
suffragette previously mentioned to say, 
‘*What a whale of a mind you must 
have!’’ Now, indisputably, many mathe- 
maticians have good minds. There is, 
surely, nothing to hinder the happening 
of such a thing. But some mathemati- 
cians are so impressively dull when they 
stray from the confines of their specific 
field of interest that one hesitates to gen- 
eralize. The striking disagreement be- 
tween the theoretically assumed and the 
actually achieved effects of the study of 
this, that and the other subject seems, 
however, so far as pedagogical thinking 
goes, never to disturb the deliberation 
that goes on in our curriculum dispen- 
saries. The truth of the matter is that 


we have no means of evaluating tly 
effects of our instruction. We measur 
and grade the stuff, the content whic 
has managed to survive in the minds 0; 
our students at the time of our periodic 
probings. The effects are taken 
granted. 

Hope ‘‘springs eternal’’ that t! 
youth of to-morrow will see things a bit 
more clearly than we of to-day are s 
ing them. That they are having glim. 
merings of insight may be inferred fro 
the following personal experience. 
laboratory chum in a moment of fra: 
confession remarked: ‘‘If I thought tl 
I should ever turn out to be like Pro. 
fessor Blank I should now go out 
soak my head in gasoline.’’ Why 
preferred that particular method of pr 
cedure he did not stop to explain. HH 
was taking Professor Blank’s subj 
and no doubt Professor Blank, after th: 
usual fashion, was quite convinced of t 
wholesome effects to be expected fr 
the study of his subject. But if our cur- 
riculum formula of education were valid 
if the study of the various subjects 
taught by the various Professors Blank 
and if the requirements for graduat 
were as rigid as in former years, 
price of gasoline would probably go w 
in the neighborhood of some of our ¢ 
leges, provided this were the only means 
of exit under academic provocations. 

Many educators are now being heard 
to say that probably fifty per cent. 
the students in many colleges are failing 
to take advantage of their opportunities, 
and would be better off elsewhere. W* 
seem to accept this high death-rate wit! 
about the same fatalism as that wit 
which we once accepted plagues and pes 
tilences. Among the casualties in educa- 
tion as in war must be included, 
course, not merely those who are killed 
but also those who are wounded, gassed 
or otherwise disabled for the battle o! 
life. There are many who complete their 
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education according to the stipulated 
conditions and hence are not to be num- 
bered among the dead, but who, while 
they have ‘‘picked up wit as pigeons 
peas’’ and have dealt it out again as the 
instructor ‘‘doth please,’’ have not risen 
above the mass either in intellectual 
tastes or social consciousness. From 
mong the latter type come all too many 
andidates for the high and honorable 
alling of college teaching. 

The remedy for our present educa- 

nal misearriage (thinking again of 
the Trobrianders, our comrades in igno- 
rance) does not, in spite of claims to the 
ontrary, consist of a return to the cur- 
rieulum systems of the past, nor will it 
be found in the reorganization and per- 
fection of the curricula of the present. 
It is, in short, not a matter of curricu- 
lum. While it seems indisputable that 
education is accomplished only through 
impacts between personalities, it is idle 


to faney that we may retrieve ourselves 
attempting to restore by force of 


ec 


rms the 
is quondam position of authority and 
influence. The ancient curriculum and 


passing’’ college professor to 
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remem- 


setting. 


the bygone professor, we must 
ber, functioned in an ancient 
Between the curriculum, the 

and the setting, the setting is th 
portant thing. If the professor 
personality is gone; if in t] 


professor 
all-im- 
with his 
» colleges as 
in society in general ‘‘the individual 
and 
more,’’ at institu- 
tions may Guided 
only by our empirical thinking we have 


and the world is 
it still remains true th 


personalities, 


withers more 


have 
noted for ages the educational effective- 
ness of institutions that possess what we 
eall ‘‘atmosphere.’’ But 
about producing this 

agency is not a subject on which our eur- 


se 


how to go 


indispensable 


riculum committees spend any of their 
time. They are occupied with hours of 
credit, units for graduation; in 
about ingredients, 
tions. Most of 
tivated as they are by American ideals 


short, 
formulae, prescrip- 


our administrators, cap- 


of bigness, are leading us toward deper- 
sonalization, elephanti- 
asis. To have atmosphere, to be able to 
educate effectively, our institutions must 
be unified, integrated, How 
this ean be done is another story. 


disintegration, 


he soul d. 
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of the seed. Whatever (kind of) seed is sown 
in a field, prepared in due season, (a plant of) 
that same kind, marked with the peculiar quali- 
ties of the seed springs up in it. This earth, 
indeed, is called the primeval womb of created 
beings; but the seed develops not in its de- 
velopment any properties of the womb. In this 
world seeds of different kinds, sown at the 
proper time in the land, even in one field, come 
forth (each) according to its kind.—That one 
plant) should be sown and another be pro 
duced cannot happen; whatever seed is sown 
(a plant of) that kind comes forth.’’4 ‘‘They 
yield their products, each according to its own 
faculty, reach, and particular nature of the 
grm...’’5 ‘*It is from the remote end 
downwards that a race is propagated.’’é 
‘‘Wherefore one is born, suchlike he becomes.’’? 


These biological facts undoubtedly 
participated in the development of the 
idea of immortality through germ- 
plasm continuity. This principle, com- 
monly attributed to Weismann, or as a 
logical conclusion to be drawn there- 
from, had its inception ages before this 
biologist appeared upon the stage. The 
name of its originator is unknown. It 
is none the less significant that the idea 
was current in the earliest stages of 
natural science development. Read 
what was taught: 


‘*Seed is . .. infused into the descendants, 
and by that infused seed descendants are gen- 
erated again and again.’’8 ‘*The seed which 
is infused into the womb becomes generative.’ ’® 
‘Now it can also be perceived by the senses 
that the (father) has been reproduced sep- 
arately (in the son); for the likeness .. . is 
even visible, only (their) bodies are differ- 
ent.’""20 =**In thy offspring thou art born 
again, that, mortal, is thy immortality.’ 
“Undeeaying and immortal is this (earth), 
and undecaying and immortal is the vital 
energy (sperm).’’12 ‘*‘The generative power 
is immortal.’ ’23 


4‘*The Laws of Manu,’’ vol. 25, 9, 35-40. 
5**Saddharma Pundarika,’’ vol. 21, 5, 15. 
8‘*Satapatha Brahmana,’’ vol. 12, 1, 4, 2, 4. 
? Ibid., vol. 41, 7, 4, 1, 1. 

8 Ibid., vol. 12, 1, 5, 3, 16. 

® Ibid., vol. 41, 7, 3, 1, 28. 


10‘ Apastamba (Sacred Laws),’’ vol. 2, 2, 9 


11 Tbid., vol. 2, 9, 24, 1. 
12**Satapatha Brahmana,’’ 
13 Ibid., vol. 41, 7, 3, 1, 46. 


vol, 26, 2, 3, 1. 
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It is not impossible that early recog- 
nition of the principle stated above lies 
at the root of the development of the 
It is written that 
resembles in 


caste system of India. 
‘fa base born either 
character his father, or his mother, or 
both; he can never conceal his real 
nature.’"* The natural reaction to such 
observation in the field of heredity would 
be the segregation of the base-born into 
classes with which the non-base-born 
should not intermingle for fear the base 
traits might be passed on and thus con- 
taminate the descendents. 

The idea that certain diseases are in- 
herited is mentioned in more places than 
one and specifically intimated in the 
statement that a man might be ill ‘‘in 
consequence of a sin committed by (thy) 
father or by (thy) mother.’”*® These 
theoretical concepts derived from close 
observation were put to practical use in 
the directions given for choosing a mate. 
Thus the admonishment: 


man 


in connecting himself with a wife, let 


him carefully avoid the ten following families, 
be they ever so rich in kine, horses, sheep, grain 


or (other property): ( Viz.) one which neglects 
the sacred rites, one in which no male chil 
dren (are born), one in which the Veda is not 
studied, one (the members of) which have 
thick hair on the body, those which are sub 
ject to hemorrhoids, phthisis, weakness of 
digestion, epilepsy, or white and black leprosy. 
Let him not maiden (with) reddish 
(hair), nor one who has a redundant member, 


marry a 
nor one who is sickly, nor one with either no 
hair (on the body) or too much, nor one who is 
garrulous or has red him wed a 
female free from bodily defects—a moderate 
(quantity of) hair on the body and on the 
head, small teeth and soft limbs.1¢ 


(eyes). Let 


In another place similar directions 
are given with the additional command 
which indicates a knowledge of the pos- 
sible harm to be derived from inbreed- 
ing. It is written: 

Nor (should he marry) one descended from 
his maternal ancestors within the fifth, or from 
14**The Laws of Manu,’’ vol. 25, 10, 59. 

15**Hymns of the Arthava Veda,’’ vol. 42, 
2, 5, 30, 4. 

16**The Laws of Manu,’’ vol, 25, 3, 6—10. 








his paternal ancestors within the seventh de- 
gree... Nor one diseased. Nor one with a 
limb too much. Nor one with a limb too little. 
Nor one whose hair is decidedly red.17 


It would be interesting to know the 
basis of the antipathy to persons of red 
hair. Perhaps it lay in a belief which 
exists even to-day that such were com- 
monly termagants and hence unsuited 
to be wives of males demanding complete 
submission, a characteristic not entirely 
Hindu in its nature. 

In a race in which the idea of male 
dominance was and still is so prominent, 
it is not surprising that sex determina- 
tion was a matter of great interest. The 
not too oldish modern idea of some biol- 
ogists that a male child is the result of 
a male germ was anticipated some thou- 
sands of years ago. Even our chromo- 
somologists must admit that the state- 
ment—‘‘Into thy womb shall enter a 
male germ, as an arrow into a quiver! 
May a man be born there, a son, ten 
months old!’”* is not unprophetic. 

Specific ceremonies were necessary 
for the begetting of a child of either sex. 
To the psychologist the symbolism in 
these is at once apparent. The ceremony 
for the male ‘‘must be performed be- 
fore the embryo begins to move.’”* To 
get a male child the husband must give 
to the wife during the third month of 
her pregnancy, ‘‘after she has fasted, in 
eurds from a cow which has a calf of 
the same color (with herself), two beans 
and one barley grain for each handful 
of curds. To his question ‘What dost 
thou drink? What dost thou drink?’ 
she should thrice reply, ‘Generation of 
a male child! Generation of a male 
child!’ Thus three handfuls (of curds). 
He then inserts into her right nostril, in 
the shadow of a round apartment, (the 


17**The Institutes of Vishnu,’’ vol. 7, 24, 
10-15. 

18 ‘*Hymns of the Arthava Veda,’’ vol. 42, 
4, 3, 238, 2. 

19 ‘*Sankayana Grihya Sutra,’’ vol. 29, 1, 
20: ‘*The Institutes of Vishnu,’’ vol. 7, 26, 2. 
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sap of) an herb which is not faded.’” 
Other details leading to the same en 
are devised. The husband ‘‘shoulg 
seize her thumb if he desires that on|y 
male children may be born to him. Her 
other fingers (if he is) desirous of 
female (children).’’ He should seize 
**the hand on the hair side together with 
the thumb, (if) desirous of both (ma\ 
and female children).’"* ‘*He shall 
seize the hand of a girl. Who should 
possess (the auspicious) characteristics 
required. Whose limbs shall be pro- 
portionate. Whose hair should 
smooth. Who should also have at her 
neck two curls turned to the right. ((f 
such a girl) he shall know that she wil! 
give birth to six men.’’”” 

Over and above these symbolistic ap- 
purtenances of sex determination th 
ancient Hindus advocated dietary regu- 
lations to bring about the desired end, 
much as do certain food faddists of to- 
day. See if these thirty-century-old 
rules should be any less efficacious than 
those promulgated in these times of 
ultra-civilization. 

If a man wishes that a white son should be 
born to him... then, after having prepared 
boiled rice with milk and butter, they should 
both (man and wife) eat, being fit to have off 
spring. And if a man wishes that a reddish so 
with tawney eyes should be born to him... 
then, after having prepared boiled rice with 
coagulated milk and butter, they should both 
eat, bein,s fit to have offspring. And if a man 
wishes that a dark son should be born to him 
with red eyes . . . then, after having prepared 
boiled rice with water and butter, they should 
both eat, being fit to have offspring. And if 
a man wishes that a learned daughter should be 
born to him ... then, after having prepared 
boiled rice with sesamum and butter, they 
should both eat, being fit to have offspring 
And if a man wishes that a learned son should 
be born to him . . . then, after having prepared 
boiled rice with meat and butter, they should 
both eat, being fit to have offspring.25 

20‘ Asvakayana Grihya Sutra,’’ vol. 29, 1, 
13, 2-5. 

21 Tbid., 1, 7, 3-5. 

22 ‘‘Sankayana Grihya Sutra,’’ vol. 29, 1, 5, 
5-10. 

23 ‘‘Brihadaranya Upanishad,’’ vol. 15, 6, 4, 
14-18. 
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It is hardly necessary to expatiate 
on these data. They are self-explana- 
tory, and any attempt to adorn them 
would be presumptuous. I can not re- 
sist suggesting, however, that in view 
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of this evidence of early biological 


wisdom we should look carefully to our 
order to be sure that they 


the 


laurels in 


are not indurated with the dust of 


ages 
ages. 


THE PREHISTORY OF TELEVISION 


By Dr. BERTHOLD LAUFER 


CURATOR OF ANTHROPOLOGY, FIELD MUSEUM OF NATURAL HISTORY, CHICAGO 


; 


In his drama ‘‘ Back to Methuselah’ 
George Bernard Shaw depicts the follow- 
ing scene as a reality in the year 2170: 
the head of the British government is 
holding a conference with his cabinet 
ministers, who are several hundred miles 
distant, in this manner—that he operates 
a switchboard near his desk and, by 
pressing a certain key, makes appear on 
a silver screen a life-size picture of the 
person to whom he desires to talk and 
whose voice is simultaneously trans- 
mitted. 

In April, 1927, the Bell Telephone 
Laboratories gave the first practical dem- 
onstration of transmitting over electric 
wires the pictures and voices of moving 
persons, voice and image being perfectly 
synchronized. A two-way telephonic 
communication was maintained between 
Washington and New York. Secretary 
Hoover in Washington opened the dem- 
onstration, and the illuminated image of 
himself cast over the wire on a screen in 
New York synchronized perfectly with 
his voice that was heard over the tele- 
phone at the same time. One telephone 
line was used for transmitting the voice, 
another for transmitting the television 
current and a third for synchronizing 
the electric driving-motors at each end 
of the lines. It has since been demon- 
strated that both the voice and the “‘ pic- 
ture’’ currents can be sent over the same 
wire or, in the case of radio transmission, 
over the same wave-length. 





While television at present is a fact, it 
has been the dream of mankind for hun- 


dreds and thousands of years. In my 
monograph, ‘‘The Prehistory of Avia- 
tion,’’ recently published by Field 


Museum, Chicago, I have emphasized the 
fact that human imagination has been of 
paramount importance and proved most 
fertile in the development of mechanics 
inventions and that the trend of 
mind toward the romantic and 
adventurous has resulted in the conquest 
of the air. 
many fundamental 
not been reasoned out logically through 
progressive scientific thought, but that 
man’s mind them through 
visionary reveries as an accomplished 
fact and then proceeded to work toward 
this imaginary goal. Thus television 
also has its prehistory in the domain of 
oriental folk-lore, a brief outline of 
which is given on the following pages. 
In Firdausi’s great epic poem, the 
Shahnameh (‘‘ Book of Kings’’), figures 
a cup which mirrors the world and dis- 
tant persons. It is the property of King 
Kai Khosrau and appears in the love- 
story of Bizhan and Manizha. The king, 
while holding a feast, receives a petition 
for succor from the people of Irman, 
whose country is being ravaged by wild 
boars, and sends Bizhan and Gurgin to 
scour the country of them. Through the 
machinations of Gurgin, who envies him, 
Bizhan falls in love with Afrasiyab’s 


and 
man’s 


The essential point is that 


contrivances have 


conceived 
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daughter, Manizha, who carries Bizhan 
off to Turan and hides him in her 
palace. He is discovered and imprisoned 
in a pit with Manizha as his attendant. 
In the meantime Gurgin has returned to 
Iran, where his lame story rouses sus- 
picion. By means of the divining-cup 
Kai Khosrau ascertains Bizhan’s situa- 
tion and dispatches the hero Rustam to 
deliver him. The king says to Giv, 
Bizhan’s afflicted father (in Warner’s 
translation) : 

Then will I 
Call for the cup that mirroreth the world, 
And stand before God’s presence. In that cup 
I shall behold the seven climes of earth, 
Both field and fell and all the provinces, 
Will offer reverence to mine ancestors, 
My chosen, gracious lords, and thou shalt know 
Where thy son is. The cup will show me all. 


Then the poet narrates how Kai Khos- 
rau saw Bizhan in the cup that shows the 
world: 


When jocund New Year’s Day arrived, Giv 
yearned 

For consultation with that glorious cup, 

And came, bent double on his son’s account 

But hopeful, to Khosrau who, seeing him 

With shrunken cheeks and sorely stricken heart, 

Went and arrayed himself in Ruman garb 

To seek God’s presence. Then before the 
Maker 

He cried and oft-times blessed the Shining One, 

Imploring of the Succorer succor, strength, 

And justice on pernicious Ahriman, 

And then returning to his throne, assumed 

The Kaian crown, took up the cup, and gazed. 

He saw the seven climes reflected there, 

And every act and presage of high heaven, 

Their fashion, cast, and scope, made manifest. 

From Aries to Pisces he beheld 

All mirrored in it—Saturn, Jupiter, 

Mars, Leo, Sol and Luna, Mercury, 

And Venus. In that cup the wizard-king 

Was wont to see futurity. He scanned 

The seven climes for traces of Bizhan, 

And, when he reached the Kargasars, beheld 
him 

By God’s decree fast fettered in the pit, 

And praying in his misery for death, 

With one, the daughter of a royal race, 

Attending him. The Shah, with smiles that 
lighted 

The dais, turned his face to Giv and said,— 

‘*Bizhan is yet alive; be of good cheer! ’’ 


In one of the stories of the Arabian 
Nights (No. 271) the three sons of a 
Sultan of India—Prince Husain, Prince 
Ali and Prince Ahmed—undertake a 
year’s journey into a distant part of the 
world to find some unusual treasure for 
their royal father, who had promised the 
hand of a princess to,him who would 
bring back the rarest jewel. Prince Ali 
traveled to Shiras, capital of Iran, and 
while rambling in the bazar of the city, 
one day met a man who carried in his 
hand an ivory tube about a yard long 
and offered it for sale at the price ot 
thirty thousand sequins. The prince 
thought him to be a fool, as he demanded 
so enormous a sum for such a wretched 
thing, but was soon informed that this 
broker was wiser and more sensible than 
all others of his profession. He exam- 
ined the ivory telescope, “wlhtich was 
equipped with a piece of glass at either 
end and which if placed in front of the 
eye brought anything close to it, even 
though it may have been many hundreds 
of miles away. Moreover, this tube had 
the miraculous power of showing any 
object or any person its owner desired 
to see. Prince Ali wished to see his 
father whom he had left in India, and 
no sooner did he hold the ivory tube 
close to his eye than he espied him hale 
and hearty seated on his throne and giv- 
ing judgment to the people of his land 
Then he demanded to behold his beloved 
princess, and immediately he caught 
sight of her as she was leisurely reclining 
on a couch, chatting and laughing and 
attended by a flock of maids. 

In Grimm’s tale, ‘‘The Four Skilful 
Brothers,’’ the situation is very similar 
to that of the preceding story. Four 
brothers go out into the world to earn 
their living and to learn a craft. One 
becomes an expert thief. The second 
meets a man who asks him what he 
wishes to learn in the world. ‘‘I do not 
know it yet,’’ he replies. ‘‘Come along 
with me and become a star-gazer; there 
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is nothing better than that, nothing will 
be hidden to one.’’ He consented and 
became so clever a star-gazer that his 
master, when the boy had finished his 
apprenticeship and would leave him, 
presented him with a telescope and said, 
“This will enable you to see what occurs 
on earth and in heaven, and nothing will 
remain concealed to you.’’ He 
with his three brothers, who have also 
acquired an extraordinary art, and soon 
there is an opportunity for them to put 
their knowledge to the test. The king’s 
daughter was kidnapped by a dragon, 
and the king made it known that he who 
would bring her back should receive her 
as his consort. The four brothers decide 
to deliver her from the dragon. ‘‘I shall 
soon know where she is,’’ said the star- 
gazer, looked through his telescope and 
announcec, *‘I behold her, she is seated 
far away on a rock in the sea and beside 
her the dragon who guards her.’’ Then 
he went to see the king and requested a 


meets 


ship for himself and his brothers, and 
crossed with them the sea till they ar- 
rived at the rock. They return with the 
king’s daughter, and naturally engaged 
in a quarrel as to which should have her 


as his wife. The star-gazer said, ‘‘If I 
had not espied her, all your arts would 
have been futile; therefore she is mine.’”’ 
As all their claims were of equal merits, 
the king de@ided that no one should get 
her, but assigned to each a half kingdom 
as his reward. 

Lucian, in his ‘‘ True History”’ (I, 26), 
relates that in the palace of Endymion, 
king of the moon, he saw a large mirror 
placed above a well of mediocre depth. 
In descending into this well, it was pos- 
sible to hear whatever was talked on 
earth; and in lifting one’s eyes toward 
the mirror, one saw all towns and all 
nations as though one were in their 
midst. ‘‘I saw there my parents and 
my country,’’ he adds, ‘‘I do not know 
whether they saw me too. I do not ven- 
ture to affirm it, but he who declines to 
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believe me might go to the moon, and 
will then convince himself that I am not 
an impostor.’’ 

Zosimus, an 
Egypt during the third and fourth cen 
turies A.D.. the 


alloy of gold and silver, and mentions a 


alchemist who lived in 


discusses electron, an 
magic mirror which Alexander the Great 
had made of it and which subsequently 
was exhibited in the Temple of the Seven 
the seven 


Gates (corresponding to 


heavens) above all spheres In this 


mirror one beheld one’s own future and 
This 


(compare 


destiny until one’s death was a 
divine mirror symbolizing God 
Epistle of James, I, 23-24; I Corinthians 
XIII, 12: Il Corinthians III, 18 

In 331 B.C. Alexander the Great 
founded the city named for him—Alex 
andria. About 280 B.C. the famed 
Pharus was constructed there by Sostra 
tus of Cnidus—the earliest lighthouse 
known in history. It three 
hundred feet high, a three-storied struc- 
ture; the lower story was square, the 
middle one the upper 
which contained the light, circular and 
surmounted by a colossal statue of 
Poseidon (Neptune The 
Alexandria became widely known in the 
Islamie world, but Mohammedan authors 


was about 


octagonal, one, 


Pharus of 


erroneously attribute its foundation to 
the great world-conqueror himself, desig 
nating it Menarat Iskanderiah (‘‘ Light 
house of Alexander’’). They describe it 
as one of the marvels of the world. On 
the top of this they say, 
Alexander placed a magic 
which could be sighted all 
ships, the country Rum (the Byzantine 


lighthouse, 
mirror in 


incoming 


empire), the islands of the sea and what- 
ever was done by the inhabitants. By 
virtue of this mirror, as long as it ex 
isted, the city of Alexandria was said to 
preserve its grandeur and power. The 
Persians called this lighthouse Mirror of 
Alexander (Aineh Iskenderi), believing 
that the fortunes of Alexandria de 
pended on it, as it was a talisman con- 
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structed under the influence of a certain 
constellation. It is said to have broken 
to pieces shortly before the city was con- 
quered by the Arabs in A.D. 641. 

Rabbi Benjamin of Tudela, who trav- 
eled in the Orient between the years 1159 
and 1173, mentions the high tower of 
Alexandria surmounted by a glass mir- 
ror by means of which the approach of a 
ship or a hostile fleet could be noticed 
even when it was a twenty days’ voyage 
off. The city was therefore prepared for 
the reception of a hostile ship from 
whatever direction she approached. 
Once, however, when Greece was still 
subject to the Alexandrians, Benjamin 
continues, a Greek vessel cast anchor in 
the port of Alexandria. The captain, a 
Greek, Theodorus by name, instructed in 
all sciences, brought to the Egyptian 
king valuable presents of gold and silver, 
silk and purple. His ship was at anchor 
opposite the lighthouse. Every day the 
captain invited the guard of the light- 
house with his servants on board his ship 
until they were on friendly terms. One 
day he treated them to an opulent feast 
and filled them with wine till they were 
intoxicated and fell into a deep slumber. 
The captain then ordered his crew to 
smash the mirror, and set sail the same 
night. From that time onward Chris- 
tian ships, small prowlers as well as large 
vessels, entered the port, and snatched 
away two large islands, Crete and 
Cyprus, which are still under Christian 
rule. Egypt was henceforward unable 
to resist the Greek power. 

Leo Africanus, in his ‘‘History of 
Africa,’’ writes that the mirror of Alex- 
andria was of ‘‘steel glass’’ by the hid- 
den virtue of which passing ships, while 
the glass was uncovered, should immedi- 
ately be set on fire; but when the glass 
was broken by the Mohammedans, its 
secret virtue vanished. 


The fame of Alexandria’s Pharus and 
television mirror even spread to the Far 





THE SCIENTIFIC MONTHLY 


East. Chao Ju-Kwa, who was stationed 
as inspector of maritime trade at the 
port of Ts‘itian-chou in Fu-kien and eol- 
lected there from the lips of foreign trad- 
ers much interesting information on the 
countries of the Indian Ocean, which he 
published in his ‘‘Chu fan chi,’’ written 
in A.D. 1225, gives a brief notice of 
Alexandria and its lighthouse. ‘‘On the 
summit of it,’’ he writes, ‘‘there was a 
wondrous large mirror. In the event of 
a surprise attack by foreign warships 
they would be detected beforehand by 
this mirror, and the troops on guard 
duty were ready to meet the situation. 
In recent years Alexandria was visited 
by a foreigner who asked for work in the 
guardhouse of the tower and who was 
employed as a janitor. He was not sus- 
pected for years, when suddenly he 
seized an opportunity of abstracting the 
mirror and flung it into the sea, where- 
upon he disappeared.’’ A late Chinese 
eyclopedia (San ts‘ai t‘u hui) has disfig- 
ured this tradition considerably by stat- 
ing that Tsu-ko-ni (Alexander) erected 
in Egypt a temple on the top of which 
there was a mirror which when pirates 
of other countries made a raid reflected 
them and thus announced their arrival. 

In the famous letter of Prester John 
(71) purporting to have been written 
by him to the Byzantine emperor, 
Manuel (1143-80), is described a mar- 
velous mirror which is reached by 
ascending a hundred and twenty-five 
steps over an elaborate structure of pil- 
lars. In this mirror all plots and machi- 
nations and everything that was done in 
the adjacent and subjected provinces 
either on behalf of Prester John or 
against him would be clearly revealed 
and recognized; day and night it was 
guarded by twelve thousand armed men 
that it might not be broken by an acci- 
dent. In the work of Johannes Witte 
de Hese (1389) this mirror of Prester 
John is also mentioned: three precious 
stones are deposited in it; one of these 
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directs and sharpens the vision; an- 
other, the senses; the third, experience ; 
three very capable doctors have been 
elected to examine the mirror and see in 
it everything that is done in the world. 

A ‘‘History of the World’’ published 
in Neo-Greek by Dorotheos, metropolitan 
of Malvasia, at Venice in 1763, alludes to 
a magic mirror in the imperial palace of 
Constantinople made by the emperor Leo 
the Philosopher: whatever existed or 
happened or was intended to be done in 
the world could be most clearly visual- 
ized in this mirror. The Emperor 
Michael, who was given to a voluptuous 
life, was informed one day by a mes- 
senger that he had beheld in the mirror 
the war preparations of the Turks 
against Constantinople. Michael, who 
just pampered at a banquet, did not like 
to be disturbed and ordered a servant 
to smash the mirror to atoms. 

According to an Arabic tradition, 
Saurid was the wealthiest king on earth 
and had a mirror made from various 
alloys, wherein he could scan whatever 
occurred in the seven zones, whether 
good or bad, and what land was irri- 
gated or not. This mirror was placed in 
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the city of Amsus on the top of a green 
marble column. In the city of Sa on the 
bank of the Nile stood a pillar of white 
marble and upon it a mirror in which 
King Sa, for whom the city was named, 
was able to discern whatever happened 
in the seven zones. 

Spencer, in his ‘‘Fairy Queen,”’ 
Merlin make a magic mirror in which a 


has 


girl beholds the image of her swain. 
Walter Seott. in his ‘Lay of the 
Last Minstrel,’’ relates that Cornelius 


Agrippa showed the Count of Surrey, 
during his sojourn in Italy, his sweet- 
heart Geraldine in a mirror as she was 
reclining on a couch and reading her 


lover’s poems by the light of a wax 
candle. 
Nathaniel Hawthorne, in his story 


‘*Dr. Heidegger’s Experiment,’’ refers 
to a looking-glass hung in the doctor’s 
room, ‘‘presenting its high and dusty 
plate within a tarnished gilt frame. 
Among many wonderful stories related 
of this mirror, it was fabled that the 
spirits of all the 
patients dwelt within its 
would stare him in the face whenever he 
looked thitherward.’’ 


deceased 


and 


doctor’s 
verge, 
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TENNESSEE AGRICULTURAL EXPERIMENT STATION 


Don Marquis in his book ‘‘ Archie 
and Mehitabel’’ puts the following 
words in the mouth of Archie the cock- 
roach : 


iam going to start 

a revolution 

i saw a kitchen 

worker killing 

water bugs with poison 
hunting pretty 

little roaches 

down to death 

it set my blood to 
boiling 


i thought of all 

the massacres and slaughter 
of perses uted insects 

at the hands of cruel humans 
and i cried 

aloud to heaven 

and i knelt 

on all six legs 

and vowed a yow 

of vengence 

i shall organize the insects 

i shall drill them 

i shall lead them 

i shall fling a billion 

times a billion billion 
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The price of arsenic doubled, o; 





come 0 mosquitoes trebled. Mining engineers began scout , 

a billion billion strong . » riper nee seh: prim 

and sting @ billion baldheads ing for new sources of arsenic. Much chem 

till they butt against each other was written about the arsenic problem So. 

and break like eggshells the arsenic situation, the arsenic short od 

. . . . . . age and the manufacture of ealeiw deter 
curses on the species — arsenate. We were led into this d aos 

that invented roach poison , hity- 
lemma because arsenic was the onl) onesie 

Evidently Archie and his cohorts are stomach poison known that could | 135 1 
rebelling at chemical warfare, so that used as an insecticide. The need for ; alee 
we humans may be assured that we have substitute was evident. The importance Wher 
at least aroused fear in the hearts of our of the cotton crop, the increasing num eanin 
foes. ber of crop pests and the limited pr fomeen 
Without minimizing the importance duction of arsenic make it imperativ arseni 
of biological phenomena—as, for exam- that we have at least one other weapor within 
ple, parasitism; the climatic checks of by which to subdue the ravenous enem) i pan 
temperature and humidity, or cultural Our new weapon is sodium fluosilicat: | Simils 
methods, such as time of planting and first used in 1924 at the Tennessee Ex | pater 
rotation of crops—we must place our periment Station for combating th oth 
main reliance in chemicals for keeping Mexican bean beetle. as. ee 
in subjection at least 80 per cent. of the Exhaustive research work by th prec 
insect pests. Chemical Warfare Service in 1926 and ia ie 
The use of insecticides was stimulated 1927 also demonstrated that sodiun ome 
by the appearance of the Colorado  fluosilicate is more effective than ca The 
potato beetle in 1869, when the familiar cium arsenate against the cotton bo studies 

Paris green came into vogue as a pro- weevil. These results led a prominent With 
tective agent for phytophagous insects. entomologist to remark, ‘‘We need hav flucaili 
The entire science of spraying and dust- no fear that there is going to be an) arsenit 
ing of plants is, therefore, a develop- difficulty due to a scarcity of calcium ' require 
ment of the past forty or fifty years; arsenate. That bogey is gone and gon minute 
and the last decade has witnessed a _ for good.’’ protozc 

greater development of insecticides than used. 
all previous time. This has resulted in ComPaRaTIVE TOXICITY STUDIES 1-10,06 
the creation of new chemical industries, As we all know, arsenic is a deadl; sodium 
such as the manufacture of calcium poison to human beings, and this fact within 
arsenate. suggested its use as an insecticide. Th: arsenite 
No sooner had the farmer been next question was: What is the toxicit) results 
schooled in the use of calcium arsenate of sodium fluosilicate as compared wit viridis. 
for protecting his cotton against the arsenic, to the lower as well as th The 
ravages of the boll weevil than a severe higher forms of life? To determin pounds 
infestation (in 1923) made an unprece-_ this point, a series of experiments wer usefuln. 
dented demand for calcium arsenate. initiated with mosquitoes, representing For thi 
All available stocks of calcium arsenate the invertebrates, and with rabbits, rep- crganic 
were soon exhausted. Prior to 1923 we resenting the vertebrates. Mosquit is but i 
were concerned in educating the farmer larvae proved especially well adapted After 
to dust his cotton, but now a new men- for the purpose, since they are abun- shown 
ace loomed on the horizon—a lack of dant, easily obtained or bred and live in toxie th: 
poison. Well might our six-footed a medium which lends itself readily to lower o1 
enemy rejoice over our lack of ammuni- chemical changes of any desired concen- was the 


tion. tration. Death of the larvae takes plac the high 
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primarily by the oral ingestion of the 
chemical. 

Sodium fluosilicate .01 molar (1-532) 
produced 50 per cent. mortality of the 
larvae of Culex quinquefasciatus within 
fifty-five minutes, whereas at the same 
concentration sodium arsenite required 
135 minutes, sodium arsenate 390 min- 
and sodium fluoride 420 minutes. 


utes, 
When the above chemicals were used 
against the grasshopper, Melanoplus 


femur-rubrum, in poison baits, sodium 
arsenite produced 89 per cent. mortality 
within forty-eight hours, whereas so- 
dium fluosilicate gave 100 per cent. 
Similar results were secured with the 
eutworm, Feltia ducens. Poison baits 
with sodium fluosilicate were found to 
be distasteful to chickens. This is of 
considerable advantage when baits have 
to be used in the proximity of poultry 
or game birds. 

The fluorine compounds were 
studied on organisms lower than insects. 
With Lumbricus terrestris, sodium 
fluosilicate, sodium fluoride and sodium 
arsenite, in concentrations of 1-1000, 
required, respectively, 20, 40 and 240 
minutes to produce a lethal effect. For 
protozoa, Paramoecium caudatum was 
used. A solution of sodium fluosilicate 
1-10,000 is fatal almost instantaneously ; 
sodium fluoride 1-1000 produced a kill 
within sixty minutes; whereas sodium 
arsenite seemed to be non-toxic. Similar 
results were secured with Euglena 
viridis. 

The high toxicity of fluorine com- 
pounds for protozoa would suggest their 
usefulness against pathogenic forms. 
For this purpose one would have to use 
erganie fluorides, the chemistry of which 
is but little known. 

After the experimental work had 
shown that the fluosilicates were more 
toxic than the arsenicals to many of the 
lower organisms the next consideration 
was their relative toxicities to man and 
the higher animals. 


also 
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The more extended use of fluosilicates 
as dusts on plants raises the question of 
the effects on human health when small 
quantities are ingested over a prolonged 
period, as well as the poisonous nature 
of a single large accidental dose. With 
rabbits, the minimum fatal 
sodium fluoride by mouth was found to 
be 500 mg per kg, and for sodium fluo 
silicate 120 mg per kg. For co 
with soluble 
arsenite required 14 mg per kg. To 
estimate the effect on man, we find that 
the minimum lethal dose would be thirty 


dose ol 


nparison 


arsenic, the potassium 


oO 


grams of sodium fluoride, i.c & *ams oO! 
sodium fluosilicate and .84 of a gram of 
potassium arsenite. Potassium arsenite 
is therefore about nine times as toxic to 
man as sodium fluosilicate and thirt; 
times as toxic as sodium fluoride. 


The cumulative and fatal action of 
very small doses of arsenic is_ well 
known. The evidence from _ various 
sources indicates that fluorine com 
pounds in small daily doses may be 


administered over an extended period of 
time without fatal results. 
of the subject is of importance at the 
present time because the small arsenical 


This aspect 


residue found on apples is considered 
objectionable by various agencies. Ap 
ple growers are therefore demanding a 
substitute for lead arsenate to be used 
as a spray for the codling moth. Sine 
sodium fluosilicate is acid and slightly 
soluble it is not compatible with the 
fungicides now in use, and ean not as 
yet replace lead arsenate. [Efforts are 
being made, however, to devise a fluo- 
rine spray material that will be safe on 
foliage and toxie to insects. 


How F.vorrne Compounps KIL 
INSECTS 

Most insects are so greedy that they 

swallow 


hesitate to arsenic on 


In recent years we have found 


do not 
foliage. 
many other insects that do not suecumb 
to the foliage dusted or sprayed with an 
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arsenical. These are more dainty in 
their dietary habits and refuse to eat 
other than clean foliage. This is known 
as the repellent effect of arsenic on such 
insects as the Japanese beetle, blister 
beetles, cucumber beetles and flea 
beetles. 

Professor Baerg, of the Arkansas 
ixperiment Station, as well as Mr. 
Ingram, of the United States Bureau of 
Entomology, has found that blister 
beetles may be killed by sodium fluosili- 
eate. To quote from Mr. Ingram’s 
report: 

Calcium arsenate, Paris green and lead 
arsenate have been tried as dusts and as sprays 
at varying strengths, but in all cases these 
merely drove the beetles away, which would not 
pat the poisoned leaves. Sodium fluosilicate has 
proved to be the best remedy. The beetles die, 
not from eating the poisoned foliage, but from 
getting the poison on their feet and then rak- 
ing their feet through the mouth to get the irri- 
tating stuff off. 


G. D. Schafer was the first to discover 
the irritating properties of sodium fluo- 
ride on roaches. Those insects that have 
the ‘‘cleaning-up’’ habit are very easily 
fooled into taking the powdered fluo- 
rides into their mouths. For this reason 
dry dusts are more effective than sprays, 
since the latter form a_ varnish-like 
coating. 

After the fluorine is absorbed by the 
insect, the precipitation of essential 
calcium from the tissues is effected. 
The meager calcium content of the 
lower organisms may account for their 
easy susceptibility to fluorine com- 
pounds. 


Source oF SopruMmM FLUOSILICATE 


It is of interest to note that sodium 
fluosilicate is made from phosphate rock 
the same material which also furnishes 
us with fertilizer. Phosphate rock con- 
tains about 3 per cent. calcium fluorid 
and some silica. When sulphurie acid 
is added to phosphate rock for the pur- 
pose of making acid phosphate, fumes 
are liberated. Formerly these fumes 
were allowed to escape, but as they wer 
very injurious to vegetation, laws were 
enacted requiring that the gases be con 
fined. The silicon tetrafluoride gases 
are now conducted into towers with 
dripping water, forming fluosilicie acid 
In most eases this acid is not saved, but 
is allowed to drain away. When sodium 
chloride is added to fluosilicie acid, 
sodium fluosilicate precipitates out. As 
there are no extensive uses for by- 
product fluosilicie acid, probably 95 per 
eent. is discarded. The commercial 
sodium fluosilicate is dense and not par- 
ticularly adapted for dusting. A light. 
fluffy sodium fluosilicate is now being 
manufactured more suitable for dusting 
operations on plants. 

As the manufacture of sodium fluo- 
silicate becomes standardized, and it 
uses become better known, every farm 
home and even the city dweller will 
have a supply of sodium fluosilicate. 
When Archie has a vision of our entire 
human population thus prepared to 
annihilate the race of the six-footed, no 
doubt he will throw down his arms, raise 
the flag of truce and surrender, as lh 
might well do. 
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RABBIT FEVER OR TULAREMIA 


By WILL C. BARNES 


On Thanksgiving Day, 1927, a United 
States naval surgeon, well known in 
medical and social circles in the city 
of Washington, accompanied by his 
brother, visited the family farm in cen- 
tral Virginia for a holiday rabbit hunt. 
Rabbits were fairly plentiful and the 
men had very 
days’ sport. 

Soon after his return to Washington 
the naval officer went to the U. S. Naval 
Hospital suffering from severe head- 
aches accompanied by a high tempera- 
ture and chills, with terrific pains in 
every part of his body. Also, the glands 
in his arm pits were greatly enlarged 
and very sore. In spite of all that 
medical science could do he died within 
fifteen days. 

Meantime the brother, suffering from 
the same symptoms, had been taken to 
a hospital in Charlottesville, Virginia, 
where he was a very sick man for sev- 
eral weeks but eventually recovered. 

The sickness was diagnosed by Naval 
Hospital surgeons as rabbit fever, or 
tularemia, a comparatively new disease 
to the medical fraternity, considered as 
some form of low fever and treated 
accordingly. 

The death of the naval surgeon, how 
ever, attracted wide attention to the 
trouble, and many persons learned for 
the first time that there lurked in the 
body of little old ‘‘Peter Rabbit’’ the 
germs of a disease for which to date 
there has been found no eure and from 
which the death loss is big enough to 
challenge the best ability of the medical 
world to discover a remedy. 


two several successful 


History OF THE DISEASE 


The history of the discovery of this 
new and in many respects mysterious 


disease is an interesting chapter in medi 
eal research. 

In 1907 the late Dr. Ancil 
Phoenix, Arizona, had a 
patients who were suffering from 
eye trouble quite unlike anything he 
had that 
choma is a very common disease of the 


Martin, of 
number of 
some 
ever seen. Down way tra- 
eyes, especially among the Indians. Dr 
Martin that trouble, 
but his tests for trachoma gave 
He found the symptoms very 


was an expert on 


negative 
results. 
similar to typhoid fever but with ulcers 
on the eyes and hands. The cases ran 
for from four to six weeks, one for three 
months or more. Each gradually 
ered. The history of 
that the patients had been handling the 
Li pus 
californicus There was at that time, 
1907-8, a bounty on jack-rabbits due to 


recoy 
every case shows d 


common western jack-rabbit 


their inroads upon the alfalfa fields of 
the Phoenix. 
were unable to raise any crops at all on 


farmers near Farmers 
a strip several hundred feet wide along 
the line of the The 
jacks took every green thing growing. 


desert. hungry 
Hence rabbit drives were very common. 
Thousands of these long-eared speeders 
were rounded up and driven into pens 
or corrals like sheep and cattle, there to 
be killed by clubs. Many of the ani 
mals were skinned 
consumption 
food for hogs. For want of a 
name for the new-found 
Martin called it 
caused by a new and at that time unde- 


used fer hom« 
commonly as 
better 


disease, Dr. 


and 
and more 


“*rabbit si pt icemia,’’ 


seribed organism. 

Pursuing his investigations into this 
peculiar disease, Dr. Martin wrote to a 
well-known authority, Dr. Novy, of Ann 
Arbor, Michigan, describing the cases. 
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The letter, a copy of which recently 
“ame into the author’s hands, is in part 
as follows: 

Phoenix, Arizona Territory, 
Sept. 19, 1907. 
Dr. FREDERICK G. Novy, 
ANN ARBOR, MICHIGAN. 
Dear Doctor: 

There have been during the summer several 
individuals in this locality who have suffered 
from an infection as a result of skinning and 
dressing wild rabbits. They were of the so- 
called ‘‘Jack’’ variety. Three of these per- 
sons have had their primary lesions in or about 
the eye. Small abscesses formed on the lids 
and on the bulbar conjunctiva as well. 

At the onset there were chills, profuse sweat- 
ing and an elevation of temperature of from 
two to five degrees with rapid pulse lasting 
several days. There were no deaths. 

Yours truly, 
ANCIL MARTIN. 


These cases reported by Dr. Martin 
are absolutely the first on record for the 
discovery of this disease in human 
beings and the organism isolated and 
studied. 


THe NAME TULAREMIA 

The scene now changes to Southern 
California in the year 1910. At that 
time California was engaged in a war of 
extermination against the common 
ground squirrel of the Pacific Coast, 
believed to harbor and transmit to man 
bubonic plague by means of fleas found 
upon the animals. Besides this, their 
raids upon the farmers’ crops were esti- 
mated to destroy annually fully twenty 
million dollars’ worth of California 
farm products. On both counts they 
were ‘‘persona non grata’’ in the high- 
est degree. 

These ground-squirrels were espe- 
cially numerous in the vicinity of the 
once great Tulare Lake, in Tulare 
County, California. In 1910 men at 
work in that region reported the squir- 
rels to be dying in large numbers from 
some fatal epidemic. The surgeons of 
the U. S. Public Health Service who 
were fighting the ground-squirrels, 


scenting a possible natural ally in their 
extermination, sent two Public Healt! 
Service surgeons, Drs. G. W. MeCoy 
and C. W. Chapin, post-haste to South- 
ern California to investigate and report 
on the rodents’ misfortunes. Thes 
men found the squirrels being deci- 
mated rapidly by some, to them un- 
known, bacterial disease. They worked 
out its progress through captured squi! 
rels and finally isolated a new causativ: 
organism. This they called ‘‘ Bacterium 
Tularense’’ from the fact that the re- 
gion of greatest infection seemed to be 
upon the bed of the reclaimed lak 
which, due to the presence of thousands 
of acres of the reed or bulrush ealled 
‘‘Tules’’ by the early Spanish settlers, 
was called ‘‘Tule Lake,’’ also the county 
‘*Tulare.’’ Hence they coined a brand- 
new word ‘‘Tularense’’ and festened it 
on to this new bacterial pest. 

At that time they knew nothing oi 
Dr. Martin’s discoveries of several years 
before. The medical world was not in- 
formed of the Arizona cases until som 
years later. 


SHALL IT BE CALLED MaArTIN’s DIsEAsE? 


McCoy and Chapin published the re- 
sults of their investigations early in 
1912. Several years later, Dr. Edward 
Francis, also of the U. S. Public Health 
Service, looking around for a name for 
this new peril to the human race, ac 
eepted Surgeon MecCoy’s name and 
called the disease ‘‘Tularemia.”’ 

At the meeting of the Arizona State 
Medical Association, on April 26, 1926, 
Dr. Martin read a paper on ‘‘Tula- 
remia’’ in which he gave the foregoing 
history of his cases, dating back to 1907, 
long before the investigations and dis- 
eoveries of McCoy and Chapin. H' 
quoted a personal letter from Surgeon 
Francis written in April, 1925, whic! 
said in part, ‘‘ Your case reported to Dr 
Novy in 1907 places you in the position 
of being the ‘Father of Tularemia.’ ” 
At a meeting of the Southwestern Medi- 
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cal Association, held at Dallas, Texas, in 
1926, it was proposed to eall it *‘ Mar- 
after the original discov- 
1907. 


tin’s’’ disease 
erer of its causative agent in 


THe Disease ELSEWHERI 

In 1919 the 
Health Service in Washington of a 
the 


flv fever,’ 


Publie 


new 


reports came to 


peculiar disease In State ol 


** dee? 


and 
Utah known locally as 
** tick 

Dr. 


investigate 


fever.”’ ete. 
Lake to 
found 


Francis was sent to Nalt 
In southern Utah he 
a large number of people suffering trom 
cause, followed by a 
number of The 


had been treating the patients for blood 


some unknown 


deaths. local doetors 


septic infection, ty 
the 


pains in 


poisoning, uleers, 


Nearly all 
plained ol 


pat ients com 
the 


headaches. 


phoid. 
severe back, 


swollen glands, terrifie 


Many had 


erally on their hands, sometimes at other 


huge repulsive ulcers, gen 


No progress whatever had been 
Nothing 


place s. 


made in curing the sick ones. 
seemed to help. 

A review by Francis of a large num 
ber of cases proved that the majority of 
the persons suffering had been handling 
jack rabbits previous to their sickness. 
farmers and Indians 


jack-rabbit 


They were mostly 
who had 
drives, then a popular outdoor sport in 


taken part = in 
that region. 

From a 
and other svmptoms, Francis took some 
blood 
guinea-pigs 
Washington. 

These at onee showed all the symp- 
toms of being infected with Bacterium 
Most of them died within a 
Worst 
Francis himself came down 
from al! 


man suffering from uleers 


inoculated some 


with which he 


brought with from 


tularense. 
few days after their inoculation. 
of all, Dr. 
with the disease and suffered 
the symptoms he had been observing in 
further investigations 
he went back to Wash- 
the Naval Hospital a 
Others carried on the 


others. Leaving 
to his assistants, 
ington and into 


very sick man. 
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and determined bey 


Utah 


all doubt that the disease was tulare: 


studies 


and that it was due largely to hand 
They 


experiments, did those surgeons \l 


wild rabbits tried all sorts ot 
of the Utah sufferers claimed they 
the bites ot dee} {| 
thes 


came infected by 
They 


and by eareful handling caused ther 


captured a number ot 


number of rabbits 


that : lar as 


bite a captive 


guinea-pigs, could 


determined were perfectly hea 
Within five or six days these bitten 
bits and pigs began to die. Dissect 
showed every symptom ol tularemia 

They 


taking fluid from one o 


reversed their experiments 
the dead guing 
pigs and placing a few drops ot 
] wr} 


various parts of live rabbits. The 


bits began to die in a few days 
again dissection showed the presenc 
the deadly bacilli tularense 

Their researeh work took the sure: 
of the Public Health Service all 


they 


ovel 


country. In Montana fou 


farmer suffering from a bad case 
His blood 
Then he 


was 


feeted showed 


eVes, 


tularense. recalled one 


when he harnessing his horses 


t} 


picked several large *‘ticks’’ from 


shoulders. 


Later he remembered 


rubbed his eves with his fingers. Th 
was no doubt as to the means of his 
fection and thus a new source of dang 
Tick fever turned out to b 
Fifteen 


was found. 
mile S 
Pub! 


found 


tularemia. hundred 
tant, in Cineinnati, Ohio, a 
Health Dr. Wherry, 
white butcher and a colored cook suff 


what 


surgeon, 


ing from local physicians | 
diagnosed as ‘‘glanders,’’ a very di: 
gerous communicable disease, genera 
but 


He promptly prove 


confined to horses, oceasiona 
found in humans. 
it to be tularemia in 
The buteher had handled rabbits in 
shop and the cook had dressed them 
the kitchen. 

The disease is now fairly prevalent 
every state of the Union except Was 


its worst for 
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New York 
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he New 
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1925, Japanese surgeons reported 
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authority 
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wild rab 
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entiful. Then suddenly, for 
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On one of the national forests In 
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northern state, snowshoc¢ 
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the 


hecoming so numerous 


reaching were their ravages on 


young pine seedlings which the govern 


foresters wert hursing alone 


towards saw logs that a campaign ot 


inaugurated 
About that 


elimination was about to b 
n order to save the trees 


Lyhae the forest rangers began to note an 


inaccountable scarcity of these rabbits 
As the searcity became more and more 
evident the foresters thanked a kindly 
providence for some unknown influences 
that saved them from the thankless and 
decidedly unpopular task of killing the 
rabbits off. 
In several 


the lone 


lacks accumulated in 


western states 
egged, long-eared 


such vast numbers that the settlers were 
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SouRCES OF INFECTION 


While the 


from 


percentage ol 


rabbits, 


large cases 


have come handling wild 
which is far and away the most dange) 
number of 


other 


ous soures Ol inteetion, a 


infections have com Lrom ani 


mals. 
Nearly all 


have 


the squirrel] and rodent 


families been found guilty, while 
it occasionally has been definitely traced 


some of the common 


to the bites of 


domestie animals, such as dogs, eats 


and, in one ease, a hog. These animals, 


however, undoubted], became infected 
in their mouths through eating diseased 
rabbits. 

Francis reports only one known case 
trom 


of the transmission of the disease 


human to human. This 
mother dressing an uleer on her son suf 
from tularemia accidentally 
pricked her thumb with a thus 
carrying the infection to her own blood. 


was W here a 
fering 
pin, 


Practically every investigator who has 
studied the disease and made examina 
tions of diseased rabbits or guinea-pigs 
through post-mortems has contracted it. 
No deaths them 
however. 

It was 


have followed among 


that rubbe 


safeguard. 


believed at first 


gloves were a_ satisfactory 
The trouble has occurred, however, when 
rubber gloves and every other precau 
tion were taken against it. 
The insidious nature of the infeetion 
ean be best understood when it is known 
that a few drops of fluid from an in 


fected rabbit have been placed on the 


palm of a man’s hand on which there 


was no observable injury to or break in 
the skin and the man came down wi 
tularemia inside of a week. 

To date, no protective vaccine or 
serum has been discovered, nor has there 
been developed any drug that is of use 
in alleviating the sufferings of victims 
of tularemia. It seems to be a disease 
in which man is practically helpless and 
nature must be allowed to work out her 


own unchecked processes. 
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ONCE Sick ALWAYS IMMUN} 


It has been proven conclusively 


ever, that sufferers who recove) 
always immune to future infections 
handle diseased rabbits w 
Nevertheless, Dr. 


Publie 


ean 
danger. Francis 


have nearly all eontr 


his assistants in the 
oratory who 


tularemia take no chanees in hand 


the hundreds of rabbits and Pulte 
they have there in various stages o 
far, the trouble 


wholly To rabbits. No 


ever been reported among tame rab 


disease. So is conf 


Cases 


wild 


such as Belgian hares raised ih 
bitries. 


SPREAD OF DISEASI 


A study of the development ot 
remia indicates rather clearly that 
spread with considerable speed al 
the country. In all probability its 


will eventually be traced to 
the 


From there it has probably been ea: 
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then 


ily meal. 
t right on the spot. 
infected tick 
the finger in his 


rubs 
the 


from his horse, 


eves. These are 
common means of infection.”’ 
have caused 
Doubtless. 
they would also transmit it to humans 
Taking it all 
seems to be one that is here to stay. It 


Bedbugs are known to 


the disease in e@uinea-pigs 


around, this diseass 


probably has been with us for many 
years, but until recently was not recog 
nized in its true character. 

Millions of 
are killed as food every year and the loss 


cottontail or jack-rabbits 
to the publie, if they are not to be eaten, 
will run up into large figures. 

On the other hand, the losses to the 
ndividual that the the 
losses in time, and costs of doctors’ bills 

will far the 
The worst of it all is 


follow attack 


loss of meat 
that a 
eottontail properly cooked is just about 


overrun 
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game average American can 
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THE PROGRESS OF SCIENCE 


THE MEDICAL CENTER OF NEW YORK CITY 

A THREE-FOLD ACHIEVEMENT IN COOPERATION 
ching the care of the demic 

these three fundamentals 

dern selentifie medicine have nov 

en brought to 


Medical 
Hudson, an archite 


en ina ¢ityv of 


gether and unified at 
Center Towerlng above 
ctural landmark 
skyserapers, the Med 
Center has been functioning sine 
rly spring as a hospital, but not until 
present fall 
on its work 


term has it entered 
] 


as a medi 


Cal universits 
das a great research laboratory 


The formal dedication 1 


oO its” threes 
fold purpose on October 
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I?) with 
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lnderwood and tnunderwood 


THE LIBRARY OF THE COLLEGE OF 


PHYSICIANS AND SURGEONS, 


functions, becoming an educational in- 
stitution for advanced study and re 
search, as well as a unique assemblage of 
hospitals and elinies. The advantages 
which acerue—on the one hand to the 
patient, on the other to faculty and stu- 
dents—from this proximity and _ inter- 
relationship of hospital, elmie, school 
and laboratory are self-evident and far- 
reaching. 

Of special interest from a professional 
viewpoint is the fact that for the first 
time in New York City are now brought 
together in one building a dental school 
and a medical school, with their stu- 
dents having many courses in common. 
This marks a distinet step toward an 
ideal long held by leaders in dentistry 

the recognition of this science as a 
department of medicine and the estab- 
lishment of standards of dental teach- 
ing comparable to those of medicine. 

That groups for study and research 
in dietetics, in nursing, and in social 
service are also housed at the Medical 
Center emphasizes anew its significance 
as a great cooperative achievement, a 


significance repeatedly stressed in 
recent ceremonies, both by word 
mouth and by the personne! ot pal 
pants and guests, representing n 
fields of scientific and edueation 
deavor. 

Appropriately, the address of de 
tion was delivered by Dr. Samue 
Lambert, dean emeritus of the Co 
of Physicians and Surgeons, and 
dent of the New York Academ 
Medicine. His association wit! 
Medical Center movement coes 
eighteen vears to the time when Co 
bia University and the Presbyt 
Hospital first entered into an agreen 
whereby the latter became the teac] 
hospital for the College of Physic 


and Surgeons From that begim 
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OPERATING AMPHITHEATER, WITH 
SEATS 
THERE IS A RADIO PHONE ATTACHED TO 
SEAT SO THAT THE HEART BEAT OF THE PA 
ON THE TABLE CAN BE PLAINLY HEARD BY 
STUDENT. ONE OF THE FEATURES OF THIS 0 
ATING ROOM IS THE X-RAY VIEWING MACHI> 
THAT THE SPECTATORS CAN FOLLOW THI 
TION AS IT PROGRESSES. THE TILING 
ROOM IS GREEN. THIS DOES AWAY WITH 
AND IS EASIER ON THE EYES OF THE AT! 
PHYSICIANS, 
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are now housed on its 


Psvehiatrie 


Institute whose buildings are under con 
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That the Medical Center, while fune 


THE INSTITUTE 


THE second session of the Institute of 
the 


Society coneluded 


Chemistry of American Chemical 
its four weeks’ 
on August eighteenth at Northwestern 


University, Evanston, Illinois. It 


Sesslon 


will 
be recalled that the first session was held 
at State College, Pennsylvania, in 1927, 
fifteen 


registered for the various sessions. 


where four hundred and were 
The 
second session had a registration of six 
hundred and thirty three, not including 
those who attended single lectures. Of 
these the majority came from industry, 
only one hundred and fifty-five being 
identified with the teaching profession 
A large number attended single lectures, 
and in addition the publie was welcomed 
to the the 


evening. 


less technical leetures of 


The plan of the Institute is to pro- 


vide programs to engage the entire time 
of those so inclined, but composed of 
units to enable those who wish to com- 


bine recreation with their institute 


PROGRESS OF S¢ 


quipn 
secondary 
resent 
medicine 
benefit 

lines of ende 


the eare of 


= OF CHEMISTRY 


activities to take as 11 
each dav’s offering as lh 


Without losing continuity o 


argument as would otherw 


‘ase. The effort is also made 


the program as to serve 


range 


; 


of ehemiusts 0 Various eXperrence 


Institute Is a place 


particular, the 
the present STaTtus oft special fields 1! 


related by 


and 


science mav be those expert 


fields, where dIsScUuSSION 


in those 


may go on leisurely in the absence of 


crowded TOO diverss | 


programs 01 
tractions 
Geographically, people came from 
state in the | 
Norwa\ 


nearly every nion, from 


Canada, Scotland. and the 
Philippines 
The 


theoretical 


program, while not neglecting 


chemistry, nevertheless 
tended to emphasize applied chemistry 
The 


to agricultural problems having a chemi 


first week was especially devoted 


cal approach. On each of five evenings 
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of the week motion picture 


were 


programs 


offered. followed by a popular 


Special industrial were 
the 
Refining 


Side 


trips 
the 


leeture 
Corn 
the 


sewave 


taken to Argo plant of 
Products Company, to 


North Des 


treatment works of the city of Chicago, 


and Plaines 


Sherwin-Williams Universal 
Portland Cement Company, the Whit- 
ing refinery of the Standard Oil 
Indiana, the laboratory of the 


Company, 


(‘om 
pany of 
Company at 
Illinois, and the Hawthorne 
Western Electric 
of forty five 


Universal Oil Produets 
Riv erside, 
Works of 
pany A party the 
guests of E. B the 


Yerkes Observatory, on one oft the Sun 


the Com- 
were 
Frost. director ot 
day ‘ 


Recreation was not overlooked in an 
otherwise heavy program, and many en 


. 
Each 


social 


joved golf, tennis and swimming 
evening an informal mixer or 
gathering was held at Willard Hall, and 
on these occasions in addition to popu- 
lar diversions there were informal dis 
cussions and motion pictures as well as 
special talks on several occasions. These 
included a vivid portrayal of the life at 
St. Andrews by Sir James C. Irvine, 
the honor guest of the institute, a dis- 
cussion of the problems of a chemistry 
Earl Otto who 


teacher in China by 


THE SCLENTIFIE 


MONTHLY 


four 
and the 
dialect 


sery ed for 


the Orient 


vears as a teach 
recitation of A) 
Norwegian by Louis 


poems 
Crill, secretary of agriculture of Sx 
Dakota 

The 


one hundred and eighteen and son 


scheduled speakers numb 
these appeared more than once or 
besides broadeasting 
WGN 


before 


program, 


talks over and appearing 


request several luncheon 
the vien 

The 
the d 


thousat 


and other organizations in 
of Evanston and Chicago SeSS 
the 


through 


attracted attention of 


press, which mans 


had 


istry in its several relations to every 


awakened a new interest in ¢| 
affairs 
It IS vet to he determined whe 


hold a third 


two being the 


institute will seanion 
1929, the first 


far authorized by 


only o1 
the Counei 
Society 


thus 
the American 
future of the institute came before 


Chemical 


Council at the seventy-sixth meeting 
the society held ai Mass 
chusetts, from September 10 to 14, 192s 


Swampscott, 


It will also be necessary to find finane 


) 


support if the experiment is to conti 


and be developed into a perma 


ennual activity 


ULTRA-SOUND WAVES IN BIOLOGY 


Dr. E. Newron Harvey, professor of 
physiology at Princeton University, and 
Alfred E. Loomis, of the Loomis Labora- 
tory, of Tuxedo Park, New York, are 
producing, and applying to biological 
research, supersonic waves which oscil- 
late so rapidly that they can not be 
heard by the human ear. 

When a flat dise cut from a quartz 


erystal is compressed in a certain diree- 


tion with reference to the erystal axis, 
one side will become charged positively, 
and the opposite side will become nega- 
tively charged. This is the piezo-electric 
effect. Conversely, if the crystal dise is 
plaeed two properly 


between plates 


charged, the erystal will be compress 
the the 


compressions 


On reversing charges eryst 
expands. The 
pansions travel through media i 

tact with the crystal as sound wa 
which may be given very high freq) 
oscillating de 


and 


cies by the proper 
Each erystal dise has a natural vil 
tion period of its own, depending o1 
thickness. 

The 
violet of 
miniature radio broadeasting appa! 


the u 
produced } 


supersonic waves 


sound are 
which causes the quartz erystal t 
The 


alternating 


brate. apparatus is operated 


110-volt and 


current 
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plovs a 75-watt tube with two small accurately controlled by varying slig 
transformers. The apparatus has been the frequency of the oscillating cit 
so devised that the quartz crystal, the An excellent material to illustrat 
producer of the supersonic waves, can effects of these waves ts a leaf of Elo 
be placed on the stage of a microscope which is two cell layers thick. The 


with the specimen to be studied above it toplasm = with suspended chlorop 


in the direct path of the waves. In this forms a thin layer about the cellu 


way it has been possible for the first time cell wall enclosing the vacuole of 
to examine the effeet of the ultra-sound “#P. | High-frequency sound waves 
waves upon cells low intensity passed through these « 
rhy ts . > . 3 > " . ‘ ‘ ‘tate 
The characterization of high-fre- “?™™ we: — ar ‘9 i ” 
quency sound waves or supersonies much as In the norma rotation OF Cc) 
: : “Se ; sis of Elodea Increasing the intens 
as the ‘‘ultra-violet of sound’ is an in 4] 
. . . . . increases the movement until the wt 
dication of the relationship which these ~ teagan Pee ' 
: cell is a rapidly whirling mass of pr 
bear to the sound waves we more fre f : ' f hiel 
ae asm, fragments of which are 
quently encounter. The two departures | yor aaa mille 
- : ; oose and rotate as sma malls in 
from the ultra-violet—to spoil the anal- nin , : 
vacuole. The effect is very striking 
ogy as early as possible—must not be , 
Z : might almost lead one to conelude t! 


lost sight ol They do not pass through the normal! evelosis ot this plant 


é ‘ : W , ; : ) s } , 7 . , } t . . . 
1 vacuum hich emphasizes their chiet caused by high-frequency vibrati 


relationship to ordinary sound waves The normal protoplasmic rotatior 


and apparently they do not stimulate Elodea is stopped by ‘hn waver W 
specialized tissues like musele and nerve. thev are of very lov intensity R 
In this latter respect they differ from than begins again provided the ray 
certain bands of the electromagnetic pas not been too strong. Sugar p 
spectrum (e.g., radiant energy and elec- — melysed Elodea cells are affected in 
tricity). But one wonders whether some game manner as are the unplasmolys 
sensitization will not be effected so that ones, the whole protoplasm rotating 1 
it is possible to stimulate sensory tissues, idly, until, with increasing intensity, 1 
ere the task is done. Two-frequencies mass finally bursts and_ scatters 
have been used—400,000 and 1,200,000 chloroplasts, still whirling, through: 
vibrations per second. the cell. Nitella cells when rayed hi: 
Observing under a high-power micro- the chloroplasts torn from the walls 
scope, it has been possible to follow the the cell and whirled rapidly, leavin 
progressive destruction of frog blood clear area which had originally bee 
corpuscles. The oval cells at first be- uniform green color. 
come warped and twisted. Strained No effects of the waves have ly 
areas appear and the color fades, leav- noted that could be clearly traced t 
ing a pale distorted shadow. Individual influence on chemical processes In « 
bacteria can be studied, but while they although it is known that high intensi! 


can be violently agitated their destrue- waves influence certain chemical sys 


tion under the microscope has not been tems, especially metastable ones 
observed. phenomena in living organisms, a 

If a fine emulsion of oil is examined from temperature rise, are conne 
an individual droplet of oil can be with mechanical effects, the most st 
singled out and made to rotate rapidly ing of which might be best deserib: 
in either direction at speeds that can be ‘‘intracellular stirring.’’ 
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FRESH DISCOVERIES IN MAYA EXPLORATION 
e results of the Maya exploration 
of the Carnegie Institution of Was! 


mn were ce scribed at the Interna 


Sor} 


Congress of Americanists In Sep 
ber. Dr. A. V. Kidder, Dr. S. G 


ev and other members of the arche 
‘al stafl pres nted reports covering 


ason Which has thrown fresh light 

that remarkable race of aborigines 
h the New World developed. Two 
ts in particular stamp the 1928 
king season as havine been one of 
sual richness—th excavation oO 
Pyramid E-VII at Uaxactun Wah 


shawk-toon ), Guatemala, and the discov 


ot an aneient ceremonial treasure in 


f Temple of Warriors at Chichen Itza, 
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ANCIENT MAYA TEMPLE 
UAXACTUN WAH-SHAWK-TOON ), GUATEMALA, UNCOVERED BY 


WASHINGTON. THE SUMMIT IS REACHED BY FOUR STAIRWAYS 
MASKS OF FINE LIME STUCCO, THE UPPER PAIRS REPRESEN 


LOWER PAIRS FASHIONED AFTER THE MANNER 
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and faced with dazzling white stueco 
was covered up, completely buried by 
the ancient inhabitants of the city. 
They built around it and over it a cove 
ing of rough rubble which, while it com 
pletely concealed the original pyramid, 
doubled the height of the new pyramid 
and also increased the area it covered. 

Time and the growth of forest trees 
had almost completely destroyed its ex 
terior finish, but enough remained to 
show that it had been a very steep 
structure some 50 feet high. Evidence 
is at hand to indicate that the new pyra- 
mid was used as the point of observation 
in a gigantic sun dial by means of which 
the positions of the equinoxes and 
solstices were determined for priests and 
people. Why the older and probably 
more beautiful pyramid was covered up 
and completely hidden, however, still re- 
mains an archeological mystery. 

The original pyramid is perhaps one 
of the most beautiful examples of an- 
cient American architecture that has 
come down to us. Its harmonious pro- 
portions, its pleasing silhouette, its dig- 
nified bearing, its dazzling silvery white 
finish, make it one of the most satisfying 
pictures of the past to be found any- 
where in the world. 

The top of the earlier pyramid is cov- 
ered with a floor of hard white plaster 


painted a deep red. As this shows no 


traces of walls, or of any superstructure, 
one is forced to the conelusion that n« 
building had ever surmounted it. It 
would seem to have been a place of sacri- 
fice, a holy place in a very real sense. 
In the coarse rubble forming the 
hearting of the apex three cysts were 
found, one of which was a grave of large, 
cut, untrimmed stones and mud. The 
grave contained the headless skeleton of 
a female, whose age was estimated at 
twenty-five, which lay fully extended, 
face down, the feet towards the west. 
Another eyst contained six pots, three of 


which were of plain red ware wit 
ing rims and three of plain brown 
with covers. The vessels were prot 
from the weight of the superin 
earth by large stones. The third 
also contained pottery in which vy; 
articles were found, such as sé eds, s 
dried gummy materials, pieces ot 
ian, and an obsidian lancet, extr 
sharp and well-made. 

Three hieroglyphic stone monu 
in the plaza of the ancient City 
found to have been erected at thy 
time, and two of these have the 
early Maya date &.16.0.0.0, corres 
ing to 97 A. D.. inseribed upor 
How much older than this date th 
lier stucco pyramid may be, it is 
sible to say. It would seem rea 
to suppose that at the time it was 
ered up it had been in use a centu 
more. If 97 A. D. marks the date ) 
the older temple was covered, as is | 
able, then 2,000 years is not far 
the real age of the original structur 

Having been in good repair wher 
was entombed by the erection of the s 
ondary pyramid, and having been 
tected by the latter through the 
turies, the primary pyramid, judged 
a whole, may be said to be in practi 
the condition it was in when it 
buried 2,000 years ago. 


WE wish to acknowledge our ol 
tions to The American Geogra} 
Society for the loan of the map 
Arctie Basin from ‘*Problems of P 
Research,’’ which appeared in the S 
tember number of THE Sci 
Montu_ty, and for the euts from P 
fessor Davis’ book entitled ‘* The ( 
Reef Problem,’’ which accompani 
article in the number for Octobe: 
regret that the credit line was a: 
tally omitted when these illust 
were printed. 





